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(57) ABSTRACT 

Various systems and methods are provided for Surgical and 
interventional planning, Support, post-operative follow-up, 
and functional recovery tracking. In general, a patient can be 
tracked throughout medical treatment including through ini 
tial onset of symptoms, diagnosis, non-Surgical treatment, 
Surgical treatment, and recovery from the Surgical treatment. 
In one embodiment, a patient and one or more medical pro 
fessionals involved with treating the patient can electroni 
cally access a comprehensive treatment planning, Support, 
and review system. The system can provide recommenda 
tions regarding diagnosis, non-Surgical treatment, Surgical 
treatment, and recovery from the Surgical treatment based on 
data gathered from the patient and the medical professional 
(s). The System can manage the tracking of multiple patients, 
thereby allowing for data comparison between similar 
aspects of medical treatments and for learning over time 
through continual data gathering, analysis, and assimilation 
to decision-making algorithms. 
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SYSTEMIS AND METHODS FOR SURGICAL 
AND INTERVENTIONAL PLANNING, 

SUPPORT, POST OPERATIVE FOLLOW-UP, 
AND FUNCTIONAL RECOVERY TRACKING 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application claims priority to U.S. Pro 
visional Patent Application No. 61/702,073 entitled “Systems 
And Methods For Surgical Planning, Support, And Review’ 
filed Sep. 17, 2012, and to U.S. Provisional Patent Applica 
tion No. 61/739,514 entitled “Systems And Methods For 
Surgical Planning, Support, And Review filed Dec. 19, 2012, 
which are hereby incorporated by reference in their entireties. 

FIELD 

0002 The present disclosure relates generally to systems 
and methods for Surgical and interventional planning, Sup 
port, post-operative follow-up, and functional recovery track 
ing. More particularly, the present disclosure relates to plan 
ning, Supporting, and reviewing Surgeries that involve 
medical devices, e.g., medical implants and instruments. 

BACKGROUND 

0003. A traditional model for planning surgeries that 
involve medical devices includes several phases. These 
phases typically include wellness and prevention, diagnosis, 
and treatment. 
0004. The wellness and prevention phase typically 
involves a patient a monitoring their own health and having 
periodic check-up visits with a physician. The diagnosis 
phase typically involves the physician determining an ailment 
of the patient when the physician determines that the patient 
has a health problem. The physician can reach the diagnosis 
by consulting any one or more knowledge Sources. Such as 
their previous experience and knowledge, consultation with 
colleague(s), review of print and/or electronic literature, and 
review of diagnostic tests/procedures. 
0005. During the treatment phase, the physician typically 
determines a treatment plan for the patient to address the 
diagnosis, e.g., to relieve the patient of symptom(s). The 
treatment plan for many types of musculoskeletal and neuro 
logical diagnoses, for example, typically begins with a con 
servative, non-Surgical treatment involving one or more 
therapies such as diet modification, exercise, medication, 
rest, limb elevation, limb mobilization, physical therapy, chi 
ropractic care, etc. If the conservative, non-Surgical treatment 
fails to adequately address the diagnosis, e.g., fails to 
adequately remedy the patient's symptom(s), or if the physi 
cian determines that the patient’s condition is such that an 
approach more aggressive than a conservative, non-Surgical 
treatment is needed to achieve desired results, the physician 
typically modifies the treatment plan to include a less conser 
Vative treatment. For diagnoses involving joint and/or bone 
ailments, e.g., spine ailments such as scoliosis, shoulder ail 
ments such as injured rotator cuffs, knee ailments such as 
injured ACLS, etc., the less conservative treatment typically 
includes at least one invasive procedure Such as injection 
therapy or a Surgical procedure. Determining which Surgical 
procedure to perform on the patient and determining which 
Surgical techniques and medical devices to use in the selected 
Surgical procedure typically involves a significant amount of 
time and planning by at least the performing Surgeon. 
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0006 Planning each surgical procedure also logistically 
typically involves coordination of numerous hospital 
resources. This planning also typically involves coordination 
with the patient for outpatient preparation and testing. A 
traditional model for Supporting and managing Surgeries that 
involve medical devices includes several phases. These 
phases typically include Surgical planning, inventory plan 
ning, intra-operative Support, post-Surgery logistics, and 
charge capture or billing. 
0007. During the Surgical planning phase, a Surgeon or a 
staff member at the surgeons office contacts the hospital 
where the surgery is to be performed to schedule resources 
Such as operating rooms, equipment, and Support staff. The 
hospital maintains a Surgery schedule using a spreadsheet, 
whiteboard, or internal enterprise resource planning system 
that includes information Such as the type of Surgery, the 
name of the Surgeon, the date the Surgery is to be performed, 
and the Supply and equipment needs of the Surgery. A repre 
sentative of a medical device company obtains the Surgery 
schedule periodically and, for each Surgery that involves a 
medical device provided by the medical device company, 
meets with the Surgeon to discuss a plan for the Surgery. 
0008 After establishing a plan for the surgery, the repre 
sentative orders the various medical devices believed to be 
necessary for the Surgery in the inventory planning phase. The 
medical devices are shipped from the medical device com 
pany or a distributor affiliated therewith to the representative, 
who is then responsible for providing the medical devices to 
the hospital for sterilization in advance of the surgery. 
0009 Prior to the surgery, the representative is typically 
relied upon to provide pre-surgery training on any new or 
modified medical devices or instruments. Such training can 
include use of hands-on demonstration equipment or review 
of surgical brochures provided by the medical device manu 
facturer. The representative is generally responsible for 
selecting and executing the appropriate training, based on the 
available Supporting materials. 
0010. During the surgery itself, the representative is typi 
cally present in the operating room, regardless of the com 
plexity of the Surgery, to provide technical Support to the 
Surgeon and staff. The representative is also present to track 
consumption of inventory as well as components in need of 
maintenance or replacement. 
0011. After the surgery, the representative ensures that 
consumed inventory is replenished and that reusable instru 
ments are sterilized and prepared for Subsequent use. 
0012 Finally, the representative assists hospital staff in 
completing paperwork that identifies the patient and the 
inventory consumed. A purchasing group at the hospital 
reviews the paperwork and transmits it to the medical device 
company or its distributor. A manual reconciliation process 
occurs thereafter to determine billing amounts and to trigger 
inventory replenishment. 
0013 There are a number of inefficiencies associated with 
existing Surgery planning, Support, and management models. 
For example, by the time a patient consults a physician 
regarding self-detected symptom(s), the patient may have 
difficulty remembering the exact timing and/or intensity of 
symptom progression over a period of days, weeks, or 
months, which can adversely affect a physician’s ability to 
accurately diagnosis a problem and/or determine the neces 
sary aggressiveness of treatment. 
0014 For another example, during treatment, it can be 
difficult for a physician to monitor the patient’s progress and 
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compliance with the treatment, particularly during non-sur 
gical treatment in which the patient is not under direct medi 
cal care, e.g., in a hospital, at physical therapy, etc., and more 
particularly when the patient is not under daily Supervision of 
medical care. Additionally, the patient may provide inaccu 
rate treatment progress information to the physician, Such as 
by forgetting the exact timing of treatments performed at 
home or by being embarrassed to reveal failures in maintain 
ing the Suggested treatment and therefore not providing the 
physician with completely accurate information, and/or the 
patient may accidentally not perform a recommended treat 
ment as instructed, such as by improperly performing an 
exercise, misunderstanding diet requirements, by forgetting 
to take medicationata recommended time, etc. The physician 
may therefore have difficulty determining whether and how to 
modify the patient's treatment plan, which can delay and/or 
hinder the patient’s healing. 
0.015 For example, during planning of a Surgical proce 
dure, a Surgeon is typically more likely to perform a familiar, 
previously-performed procedures and use familiar, previ 
ously-used medical devices, e.g., to increase the Surgeon’s 
comfort and confidence in performing the Surgery and to 
decrease the amount of time necessary to prepare for the 
surgery. However, the patient may thus not benefit from 
newer, improved Surgical techniques and medical devices 
and/or from more effective treatments for specific symptoms. 
0016 For another example, a Surgeon may plan a certain 
intervention but not fully execute the plan for any one or more 
reasons, e.g., wrong site Surgery, unintended malposition of a 
device, and inadequate decompression of a nerve or align 
ment of anatomic elements. 
0017 For yet another example, a large portion of the rep 
resentative's time is spent in the operating room during rou 
tine procedures in which the representative’s assistance is 
rarely if ever necessary. The representative also spends a 
significant amount of time completing paperwork and per 
forming Surgical planning, inventory management, and other 
logistical tasks. This time could be better spent Supporting 
more complex Surgeries in which representative input is cru 
cial, or generating new business for the medical device com 
pany. Furthermore, there are significant costs associated with 
employing a large staff of representatives. 
0.018. These models also suffer from a number of inven 
tory-related inefficiencies. For example, in the field of ortho 
pedics, medical device kits are typically assembled so as to 
provide the necessary implants, tools, and instruments for any 
of a variety of types of Surgery, ranging from the most routine 
to extraordinarily complex. As a result, many of the medical 
devices in the kit are not used during routine procedures, and 
are needlessly transported, inventoried, tracked, processed, 
sterilized, etc. 
0019. Accordingly, there remains a need for improved 
systems and methods for Surgical and interventional plan 
ning, Support, post-operative follow-up, and functional 
recovery tracking. 

SUMMARY 

0020. The present invention generally provides systems 
and methods for Surgical and interventional planning, Sup 
port, post-operative follow-up, and functional recovery track 
1ng. 
0021. In one aspect, a medical system is provided that in 
one embodiment includes a processor configured to receive 
treatment plan data regarding a plurality of patients. The 
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treatment plan data includes a plan of medical treatment 
corresponding to each of the patients. Each of the plans have 
associated therewith at least one medical diagnosis in com 
mon with all of the plans. The processor is also configured to 
determine effectiveness of each of the plans and to determine 
a suggested plan of medical treatment for a patient based on 
the determined effectiveness. The patient has the at least one 
medical diagnosis. The processor is also configured to pro 
vide the Suggested plan to a user. 
0022. The system can vary in any number of ways. For 
example, the processor can be configured to receive compli 
ance data regarding compliance of the patients with their 
corresponding plans, and determining the effectiveness can 
include determining based on the compliance data an extent 
of each patient's compliance with their corresponding plans. 
Determining the Suggested plan can include choosing at least 
a one of the plans having a highest level of compliance. For 
another example, the plans for a first Subset of the patients can 
include a non-Surgical treatment, the plans for a second Subset 
of the patients can include a Surgical treatment, and determin 
ing the Suggested plan can include comparing outcomes of 
the non-Surgical treatments with outcomes of the Surgical 
treatments. Determining the Suggested plan can include 
choosing at least a one of the plans having a best outcome 
among the Surgical treatments and the non-Surgical treat 
ments. For still another example, determining the effective 
ness can include determining an effect of each of the plans on 
the at least one medical diagnosis, and determining the Sug 
gested plan can include choosing at least a one of the plans 
having a most desired effect on the at least one medical 
diagnosis. For another example, the processor can be config 
ured to receive performance data regarding performances of 
Surgical procedures included in each of the plans that include 
performance of the Surgical procedure as at least part of the 
medical treatment, and determining the effectiveness can 
include choosing at least a one of the plans based at least on 
the performance data. For another example, the system can 
include a display, and providing the Suggested plan can 
include showing the Suggested plan on the display. 
0023. In another embodiment, a medical system is pro 
vided in that includes a storage unit and a processor. The 
storage unit is configured to store a plurality of medical diag 
noses and store a plurality of medical treatments. Each of the 
diagnoses has a plurality of patient-specific factors associated 
therewith. The patient-specific factors include at least symp 
toms. Each of the treatments having one or more of the medi 
cal diagnoses associated therewith. The storage unit also 
stores an effectiveness of each of the treatments as related to 
their associated one or more medical diagnoses. The proces 
sor is configured to receive symptom data indicating a plu 
rality of symptoms experienced by a patient, determine which 
one or more of the stored medical diagnoses are associated 
with the received plurality of symptoms, provide the deter 
mined medical diagnoses to a user, determine which one or 
more of the treatments are associated with the determined 
medical diagnoses, and provide at least one of the determined 
treatments to the user. The at least one of the determined 
treatments has the highest effectiveness associated therewith. 
0024. The system can have any number of variations. For 
example, the stored effectiveness for each of the treatments 
can be based on any one or more of compliances of previous 
patients with a treatment plan associated with the treatment, 
an effect of the treatment on the one or more medical diag 
noses associated therewith, an outcome a Surgical procedure 
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included as part of the treatment, and compliances of previous 
patients with a post-Surgery treatment plan associated with 
the Surgical procedure. For another example, the system can 
include a display. Providing the determined medical diag 
noses can include showing the determined medical diagnoses 
on the display, and providing the at least one of the deter 
mined treatments can include showing the at least one of the 
determined treatments on the display. 
0025. In another embodiment, a medical system is pro 
vided that includes a processor configured to receive plan data 
regarding a virtual performance of a Surgical procedure on a 
patient, and to receive performance data regarding an actual 
performance of the Surgical procedure on the patient. The 
performance data is received in real time with the actual 
performance of the Surgical procedure. The processor is also 
configured to determine if the plan data varies from the per 
formance data. If the plan data is determined to vary from the 
performance data, the processor is configured to provide a 
warning to a user and to repeat the determining for Subsequent 
performance data received in real time with the actual perfor 
mance of the Surgical procedure. The warning includes an 
indication of the determined variance. If the plan data is 
determined to not vary from the performance data, the pro 
cessor is configured to repeat the determining for Subsequent 
performance data received in real time with the actual perfor 
mance of the Surgical procedure. 
0026. The system can vary in any number of ways. For 
example, the processor can be configured to receive plan data 
regarding a plurality of virtual performances of the surgical 
procedure on a plurality of patients, and to receive perfor 
mance data regarding a plurality actual performances of the 
Surgical procedure on the plurality of patients. The perfor 
mance data is received in real time with the actual perfor 
mances of the Surgical procedures. The processor can also be 
configured to determine if the plan data regarding the plural 
ity of virtual performances varies from the performance data 
regarding the plurality actual performances, determine if any 
one or more of the determined variances are a same type of 
variance, and provide a recommendation to a user performing 
another virtual performance of the Surgical procedure based 
on the one or more determined variances determined to be the 
same type of variance. For another example, the indication of 
the determined variance can include a recommended course 
of action to match the actual performance of the Surgical 
procedure to the virtual performance of a Surgical procedure. 
For yet another example, the processor can be configured to 
collate all of the determined variances of the plan data from 
the performance data and of the plan data for the Subsequent 
performance data, and to provide the collated determined 
variances in a report. The report can be a paper report or an 
electronic report. For yet another example, a type of the 
received performance data can include at least one of data 
regarding movement of a Surgical instrument being used in 
the actual performance of the Surgical procedure, movement 
of staff present for the actual performance of the surgical 
procedure, patient vital signs, identification of a Surgical 
instrument being used in the actual performance of the Sur 
gical procedure, identification of staff present in the actual 
performance of the Surgical procedure, an amount of tissue 
retraction, a duration of tissue retraction, and one or more real 
time images of the patient acquired during the actual perfor 
mance of the Surgical procedure. A type of the received plan 
data can correspond to the type of the received performance 
data. For still another example, the determined variance can 
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include at least one of a Surgical instrument being moved 
relative to the patient than in the actual performance of the 
surgical procedure different than in the virtual performance of 
the Surgical procedure, a Surgical implant being used in the 
actual performance of the Surgical procedure being implanted 
at a different location within the patient than the surgical 
implant used in the virtual performance of the Surgical pro 
cedure, different radiation exposures in the actual perfor 
mance of the Surgical procedure and the virtual performance 
of the Surgical procedure, different lengths of tissue retraction 
time in the actual performance of the Surgical procedure and 
the virtual performance of the surgical procedure, different 
pharmaceutical administration to the patient in the actual 
performance of the Surgical procedure than in the virtual 
performance of the surgical procedure, a different number of 
staff being present in the actual performance of the Surgical 
procedure than a number of virtual staff present in the virtual 
performance of the Surgical procedure, a different duration of 
a step in the actual performance of the Surgical procedure than 
in the virtual performance of the surgical procedure, a differ 
ent Surgical instrument being used in a step of the actual 
performance of the Surgical procedure than in the virtual 
performance of the Surgical procedure, and a step performed 
in the virtual performance of the Surgical procedure not hav 
ing been performed in the actual performance of the Surgical 
procedure. For another example, the warning can include at 
least one of an audible Sound, an illuminated light, a flashing 
light, a vibration of a Surgical instrument being used in the 
actual performance of the Surgical procedure, and a text warn 
ing on a display. 
0027. In another embodiment, a medical system is pro 
vided that includes a processor configured to receive post 
Surgery treatment plan data regarding a plurality of patients. 
The post-Surgery treatment plan data includes a plan of medi 
cal treatment corresponding to each of the patients. Each of 
the plans has associated therewith at least one Surgical pro 
cedure in common with all of the plans. The processor is also 
configured to determine an effectiveness of each of the plans, 
and to determine a Suggested plan of medical treatment for a 
patient based on the determined effectiveness. The patient has 
had the at least one Surgical procedure performed thereon. 
The processor is also configured to provide the Suggested plan 
to a user. 

0028. The system can have any number of variations. For 
example, the processor can be configured to receive compli 
ance data regarding compliance of the patients with their 
corresponding plans, and determining the effectiveness can 
include determining based on the compliance data an extent 
of each patient's compliance with their corresponding plans. 
Determining the Suggested plan can include choosing at least 
a one of the plans having a highest level of compliance. For 
another example, determining the effectiveness can include 
determining an effect of each of the plans on at least one 
medical diagnosis, and determining the Suggested plan can 
include choosing at least a one of the plans having a most 
desired effect on the at least one medical diagnosis. The 
patient has been diagnosed with the at least one medical 
diagnosis. For yet another example, the system can include a 
display, and providing the Suggested plan can include show 
ing the Suggested plan on the display. 
0029. In another embodiment, a medical system is pro 
vided that includes a diagnosis and treatment module, a pre 
op module, an operation module, a post-op module, and a 
recovery module. The diagnosis and treatment module 
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receives information regarding a plurality of symptoms of a 
patient from the patient, receives augmented information 
regarding the plurality of symptoms of the patient from a 
medical professional, provides a recommended non-Surgical 
treatment for the patient based on at least the information 
regarding the plurality of symptoms and the augmented infor 
mation, allows selection of a non-Surgical treatment for the 
patient from a plurality of available non-Surgical treatments 
including at least the recommended non-Surgical treatment, 
receives information regarding compliance of the patient with 
the selected non-Surgical treatment, provides a recommended 
invasive treatment for the patient based on at least one of the 
information regarding compliance, the information regarding 
the plurality of symptoms, and the augmented information, 
and allows selection of an invasive treatment for the patient 
from a plurality of available invasive treatments including at 
least the recommended invasive treatment. The pre-op mod 
ule allows a three-dimensional electronic simulation of the 
selected invasive treatment to be performed on a virtual 
patient using a plurality of virtual instruments. The virtual 
patient is a model of the patient based on gathered medical 
data regarding the patient, and each of the plurality of virtual 
instruments are modeled on an actual instrument available for 
use in the selected invasive treatment. The pre-op module also 
stores the electronic simulation in a storage unit. The opera 
tion module compares an actual performance of the selected 
invasive treatment on the patient with the stored electronic 
simulation, provides electronic feedback regarding the com 
parison during the actual performance of the selected invasive 
treatment that indicates progress of the actual performance of 
the selected invasive treatment versus the stored electronic 
simulation, triggers an alarm if the comparison indicates that 
a step of the actual performance of the selected invasive 
treatment differs from the stored electronic simulation 
beyond a predetermined threshold amount of tolerable vari 
ance, and stores data regarding the actual performance of the 
selected invasive treatment in the storage unit. The post-op 
module compares the stored electronic simulation with the 
stored data regarding the actual performance of the selected 
invasive treatment, and, based on the comparison of the stored 
electronic simulation with the stored data regarding the actual 
performance of the selected invasive treatment, determines a 
variance between the stored electronic simulation and the 
stored data regarding the actual performance of the selected 
invasive treatment in the storage unit. The recovery module 
provides a recommended post-op treatment plan for the 
patient based on at least the stored data regarding the actual 
performance of the selected invasive treatment, allows selec 
tion of a post-op treatment for the patient from a plurality of 
available post-op treatments including at least the recom 
mended post-op treatment, receives information regarding 
compliance of the patient with the selected post-op treatment 
plan, and provides a recommended follow-up treatment for 
the patient based at least on the information regarding com 
pliance of the patient with the recommended post-op treat 
ment plan. 
0030 The system can vary in any number of ways. For 
example, the system can include a processor configured to 
execute the functions performed by the diagnosis and treat 
ment module, the pre-op module, the operation module, the 
post-op module, and the recovery module. The system can 
also include a storage unit storing the diagnosis and treatment 
module, the pre-op module, the operation module, the post-op 
module, and the recovery module. The processor and the 
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storage unit can be included in a singular unit. The system can 
be provided with only a subset of the diagnosis and treatment 
module, the pre-op module, the operation module, the post-op 
module, and the recovery module. Each of the diagnosis and 
treatment module, the pre-op module, the operation module, 
the post-op module, and the recovery module can be modular 
components such that any one or more of the diagnosis and 
treatment module, the pre-op module, the operation module, 
the post-op module, and the recovery module can be selec 
tively added to the system and removed from the system. 
0031. The diagnosis and treatment module can vary in any 
number of ways. For example, the diagnosis and treatment 
module can receive information regarding at least one of a 
plurality of patient-specific factors regarding the patient. The 
patient-specific factors can include any one or more of physi 
cal examination data, images of the patient, laboratory test 
results for the patient, demographic data for the patient, and/ 
or on historical tests for the patient. Receiving the informa 
tion regarding the at least one of the plurality of patient 
specific factors can include receiving data from a plurality of 
sensors, e.g., a Smartphone camera. The recovery module can 
receive information from the plurality of sensors after the 
actual performance of the selected invasive treatment. The 
recommended follow-up treatment can be based at least in 
part on the information from the plurality of sensors. The 
information regarding the at least one of the plurality of 
patient-specific factors can include receiving data regarding a 
scoliotic curve of the patient. The diagnosis and treatment 
module can provide modeling of potential curve progression 
to the patient based at least in part on the data regarding the 
scoliotic curve. The recovery module can provide modeling 
of potential curve progression to the patient based at least in 
part on the data regarding the scoliotic curve and on the stored 
data regarding the actual performance of the selected invasive 
treatment. The information regarding the at least one of the 
plurality of patient-specific factors can include receiving data 
regarding any one or more of mobility, gait, walking speed, 
flexibility, muscular strength, posture, range of motion, pain, 
neurologic tracking, joint movement tracking, bone density, 
and musculo-skeletal pain levels. For bone density, the diag 
nosis and treatment module can be configured to gather the 
bone density information using an image of the patient 
including an image of a bone density marker including a first 
material having a first density and a second material having a 
second density. 
0032 For another example, the diagnosis and treatment 
module receiving the information regarding the plurality of 
symptoms can include receiving data from a plurality of 
sensors, e.g., a Smartphone camera. The recovery module can 
receive information from the plurality of sensors after the 
actual performance of the selected invasive treatment. The 
recommended follow-up treatment can be based at least in 
part on the information from the plurality of sensors. For yet 
another example, the diagnosis and treatment module receiv 
ing the information regarding the plurality of symptoms can 
include receiving data from a neural mapping device. The 
diagnosis and treatment module can measure a pain level of 
the patient by comparing the patient’s neural map and asso 
ciated self-described pain scores to a plurality of neural maps 
regarding a plurality of other patients and to a plurality of 
self-described pain scores of the plurality of other patients, 
thereby allowing the diagnosis and treatment module to nor 
malize the self-described pain levels of the patient and the 
plurality of other patients. For another example, the diagnosis 
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and treatment module can provide a historical Success rate for 
each of the plurality of available surgical treatments. For yet 
another example, the diagnosis and treatment module can 
provide access to one or more knowledge sources regarding 
the recommended invasive treatment. The knowledge 
resources can include any one or more of print literature, 
electronic literature, training, and experts. For still another 
example, the diagnosis and treatment module can provide a 
Suggested diagnosis for the patient based on at least the infor 
mation regarding the plurality of symptoms and the aug 
mented information. The diagnosis and treatment module can 
provide the Suggested diagnosis comprises providing a plu 
rality of Suggested diagnoses. Each of the plurality of Sug 
gested diagnoses can be provided with a level of confidence 
based at least on historical accuracy of the diagnosis for 
patients having similar symptoms to the plurality of symp 
toms. The levels of confidence can be based at least on a 
comparison of a plurality of attributes associated with the 
patient and a plurality of attributes associated with the diag 
nosis. For another example, the diagnosis and treatment mod 
ule providing the recommended non-Surgical treatment can 
include providing a plurality of recommended non-Surgical 
treatments. Each of the plurality of recommended non-Surgi 
cal treatments can be provided with a level of confidence of 
Success based at least on historical outcomes of the non 
surgical treatment. The levels of confidence can be based at 
least on a comparison of a plurality of attributes associated 
with the patient and a plurality of attributes associated with 
the non-Surgical treatment. For yet another example, the diag 
nosis and treatment module providing the recommended 
invasive treatment can include providing a plurality of rec 
ommended invasive treatments. Each of the plurality of rec 
ommended invasive treatments can be provided with a level 
of confidence of success based at least on historical outcomes 
of the invasive treatment. The levels of confidence can be 
based at least on a comparison of a plurality of attributes 
associated with the patient and a plurality of attributes asso 
ciated with the invasive treatment. 

0033. The pre-op module can vary in any number of ways. 
For example, the pre-op module can monitor the patient in a 
hospital prior to performance of the actual performance of the 
selected invasive treatment at the hospital. The monitoring 
can include at least one of vital signs of the patient, pre-op 
preparations performed on the patient, and a location of the 
patient in the hospital. Based on the monitoring, the pre-op 
module can trigger at least one of an operating room prepa 
ration for the actual performance of the selected invasive 
treatment and a recovery room preparation for the actual 
performance of the selected invasive treatment. 
0034. The operation module can have any number of 
variations. For example, the operation module can track a 
number of instruments used in the actual performance of the 
selected invasive procedure. For another example, the opera 
tion module can track a number of times each of the instru 
ments used in the actual performance of the selected invasive 
procedure have been used in a plurality of invasive proce 
dures. The post-op module can trigger an alarm when the 
number of times for any one or more of the instruments 
exceeds a predetermined threshold number, the predeter 
mined threshold number reflecting at least one of a maximum 
number of times an instrument can be used in invasive pro 
cedures before needing sharpening, a maximum number of 
times an instrument can be used in invasive procedures before 
needing lubrication, a maximum number of times an instru 
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ment can be used in invasive procedures before needing 
replacement, and a maximum number of times an instrument 
can be used in invasive procedures before needing calibration. 
For yet another example, the operation module can determine 
when any one or more of a non-sterile person and a non-sterile 
instrument enters an area in which the actual performance of 
the selected invasive treatment is being performed, and in 
response to the determination, trigger an alarm indicating 
breach of sterility in the area. For another example, the opera 
tion module can identify an instrument to be used in the actual 
performance of the selected invasive procedure and provide 
an indication of a position of the instrument in an instrument 
tray to be provided in an area in which the actual performance 
of the selected invasive procedure will be performed. The 
indication can include at least one of an audio signal and a 
visual signal. For another example, the operation module can 
gather data for a medical practitioner involved in the actual 
performance of the selected invasive procedure in a period of 
time following the invasive procedure. The data can include 
an energy level of the medical practitioner and nutrition of the 
medical practitioner. The post-op module can compare the 
gathered data for the medical practitioner with the stored data 
regarding the actual performance of the selected invasive 
treatment so as to determine recommended improvements in 
the energy level and the nutrition. For yet another example, 
the operation module can provide the electronic feedback on 
a display, and the operation module can provide additional 
electronic information regarding the actual performance of 
the selected invasive treatment on the display including any 
one or more of a fluoroscopic image of the patient, Vital signs 
of the patient, neural monitoring outputs, Surgical techniques 
videos, camera feeds from outside a room where the selected 
invasive treatment is being performed, power usage of instru 
ments, and controls for any one or more devices that gather 
the additional electronic information and provide the addi 
tional electronic information to the operation module. For 
still another example, the operation module can provide feed 
back regarding a position of the patient in a room where the 
selected invasive treatment is to be performed. The feedback 
can provide guidance on movement of the patient such that 
the position of the patient matches a predetermined optimal 
position of the patient for performance of the selected inva 
sive treatment. The feedback can be based at least one any one 
or more of images of the patient in the room and images of the 
patient acquired prior to the patient being located in the room. 
For another example, the operation module can allow for user 
selection of anatomy of the patient to be shown on a display in 
any one or more of a plurality of visualization options, e.g., 
3D images, holograms, and projections. For yet another 
example, the operation module can show the electronic feed 
back on a display and allows user selection of different infor 
mation to be shown on the display using a no-touch control 
operable by a user. The no-touch control can include at least 
one of a data board, a gesture-based control, and direct brain 
control. For still another example, the comparing of the 
operation module can include comparing an amount of spinal 
disc clearing of the stored electronic simulation with an actual 
amount of spinal disc clearing. For another example, the 
operation module can determine an instrument needed for an 
upcoming aspect of the actual performance of the selected 
invasive treatment and automatically trigger sterilization and 
retrieval of the determined instrument. For yet another 
example, the operation module can determine at least one of 
a time length of retraction of a tissue during the actual per 
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formance of the selected invasive treatment, an amount of the 
tissue retraction, and an amount of pressure being placedonat 
least one of tissue and nerves as a result of the retraction, and 
the operation module can trigger an alarm if any one or more 
of the time length reaches a predetermined threshold amount 
of time, the amount of tissue retraction reaches a predeter 
mined amount of tissue, and the amount of pressure reaches a 
predetermined amount of pressure. For another example, the 
comparing of the operation module can include comparing a 
trajectory of an instrument in the stored electronic simulation 
with an actual trajectory of the instrument in the actual per 
formance of the selected invasive treatment, and if the actual 
trajectory differs from the trajectory, the operation module 
can provide a warning indicating that the trajectories differ. 
For yet another example, the operation module can provide 
information regarding nerves of the patient during in the 
actual performance of the selected invasive treatment. The 
nerve information can include at least one of a visual overlay 
of nerves on the patient and an augmented reality view of the 

WS. 

0035. The post-op module can have any number of varia 
tions. For example, the post-op module can gather data for 
each medical practitioner involved in the actual performance 
of the selected invasive procedure in a period of time follow 
ing the invasive procedure. The invasive procedure can be 
performed in an operating room, and the data can include an 
energy level of the medical practitioner and nutrition of the 
medical practitioner. The post-op module can compare the 
gathered data with data stored in the storage unit regarding 
actual performance of invasive treatments in the operating 
room So as to determine recommended improvements in the 
energy level and the nutrition. 
0036. In another aspect, a medical method is provided that 
in one embodiment includes the functions performed by the 
diagnosis and treatment module, the pre-op module, the 
operation module, the post-op module, and the recovery mod 
ule. 

0037. In another embodiment, a medical method is pro 
vided that includes receiving treatment plan data regarding a 
plurality of patients. The treatment plan data includes a plan 
of medical treatment corresponding to each of the patients. 
Each of the plans has associated therewith at least one medi 
cal diagnosis in common with all of the plans. The method 
also includes determining an effectiveness of each of the 
plans, and determining a Suggested plan of medical treatment 
for a patient based on the determined effectiveness. The 
patient has the at least one medical diagnosis. The method 
also includes providing the Suggested plan to a user. 
0038. The method can vary in any number of ways. For 
example, the method can include receiving compliance data 
regarding compliance of the patients with their corresponding 
plans, and determining the effectiveness can include deter 
mining based on the compliance data an extent of each 
patient’s compliance with their corresponding plans. Deter 
mining the Suggested plan can include choosing at least a one 
of the plans having a highest level of compliance. For another 
example, the plans for a first Subset of the patients can include 
a non-Surgical treatment, the plans for a second Subset of the 
patients can include a Surgical treatment, and determining the 
Suggested plan can include comparing outcomes of the non 
Surgical treatments with outcomes of the Surgical treatments. 
Determining the Suggested plan can include choosing at least 
a one of the plans having a best outcome among the Surgical 
treatments and the non-surgical treatments. For yet another 
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example, determining the effectiveness can include determin 
ing an effect of each of the plans on the at least one medical 
diagnosis, and determining the Suggested plan can include 
choosing at least a one of the plans having a most desired 
effect on the at least one medical diagnosis. For another 
example, the method can include receiving performance data 
regarding performances of Surgical procedures included in 
each of the plans that include performance of the Surgical 
procedure as at least part of the medical treatment, and deter 
mining the effectiveness can include choosing at least a one of 
the plans based at least on the performance data. For yet 
another example, providing the Suggested plan can include 
showing the Suggested plan on a display. 
0039. In another embodiment, a medical method is pro 
vided that includes storing a plurality of medical diagnoses 
and storing a plurality of medical treatments. Each of the 
diagnoses has a plurality of patient-specific factors associated 
therewith. The patient-specific factors include at least symp 
toms. Each of the treatments has one or more of the medical 
diagnoses associated therewith. The method also includes 
storing an effectiveness of each of the treatments as related to 
their associated one or more medical diagnoses, receiving 
symptom data indicating a plurality of symptoms experi 
enced by a patient, determining which one or more of the 
stored medical diagnoses are associated with the received 
plurality of symptoms, providing the determined medical 
diagnoses to a user, determining which one or more of the 
treatments are associated with the determined medical diag 
noses, and providing at least one of the determined treatments 
to the user. The at least one of the determined treatments has 
the highest effectiveness associated therewith. 
0040. The method can have any number of variations. For 
example, the stored effectiveness for each of the treatments 
can be based on any one or more of compliances of previous 
patients with a treatment plan associated with the treatment, 
an effect of the treatment on the one or more medical diag 
noses associated therewith, an outcome a Surgical procedure 
included as part of the treatment, and compliances of previous 
patients with a post-Surgery treatment plan associated with 
the Surgical procedure. For another example, providing the 
determined medical diagnoses can include showing the deter 
mined medical diagnoses on a display, and providing the at 
least one of the determined treatments can include showing 
the at least one of the determined treatments on the display. 
0041. In another embodiment, a medical method is pro 
vided that includes receiving plan data regarding a virtual 
performance of a Surgical procedure on a patient, and receiv 
ing performance data regarding an actual performance of the 
Surgical procedure on the patient. The performance data is 
received in real time with the actual performance of the sur 
gical procedure. The method also includes determining if the 
plan data varies from the performance data. If the plan data is 
determined to vary from the performance data, a warning is 
provided to a user, and the determining is repeated for Sub 
sequent performance data received in real time with the actual 
performance of the Surgical procedure. The warning includes 
an indication of the determined variance. If the plan data is 
determined to not vary from the performance data, the deter 
mining is repeated for Subsequent performance data received 
in real time with the actual performance of the Surgical pro 
cedure. 

0042. The method can have any number of variations. For 
example, the method can include receiving plan data regard 
ing a plurality of virtual performances of the Surgical proce 
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dure on a plurality of patients, and receiving performance 
data regarding a plurality actual performances of the Surgical 
procedure on the plurality of patients. The performance data 
is received in real time with the actual performances of the 
Surgical procedures. The method also includes determining if 
the plan data regarding the plurality of virtual performances 
varies from the performance data regarding the plurality 
actual performances, determining if any one or more of the 
determined variances are a same type of variance, and pro 
viding a recommendation to a userperforming another virtual 
performance of the Surgical procedure based on the one or 
more determined variances determined to be the same type of 
variance. For another example, the indication of the deter 
mined variance can include a recommended course of action 
to match the actual performance of the Surgical procedure to 
the virtual performance of a Surgical procedure. For yet 
another example, the method can include collating all of the 
determined variances of the plan data from the performance 
data and of the plan data for the Subsequent performance data, 
and providing the collated determined variances in a report. 
The report can be a paper report or an electronic report. For 
yet another example, a type of the received performance data 
can include at least one of data regarding movement of a 
Surgical instrument being used in the actual performance of 
the Surgical procedure, movement of Staff present for the 
actual performance of the Surgical procedure, patient vital 
signs, identification of a Surgical instrument being used in the 
actual performance of the Surgical procedure, identification 
of staff present in the actual performance of the surgical 
procedure, an amount of tissue retraction, a duration of tissue 
retraction, and one or more real time images of the patient 
acquired during the actual performance of the Surgical pro 
cedure. A type of the received plan data can correspond to the 
type of the received performance data. For still another 
example, the determined variance can include at least one of 
a Surgical instrument being moved relative to the patient than 
in the actual performance of the Surgical procedure different 
than in the virtual performance of the Surgical procedure, a 
Surgical implant being used in the actual performance of the 
Surgical procedure being implanted at a different location 
within the patient than the Surgical implant used in the virtual 
performance of the Surgical procedure, different radiation 
exposures in the actual performance of the Surgical procedure 
and the virtual performance of the surgical procedure, differ 
ent lengths of tissue retraction time in the actual performance 
of the surgical procedure and the virtual performance of the 
Surgical procedure, different pharmaceutical administration 
to the patient in the actual performance of the Surgical proce 
dure than in the virtual performance of the Surgical procedure, 
a different number of staff being present in the actual perfor 
mance of the Surgical procedure than a number of virtual staff 
present in the virtual performance of the Surgical procedure, a 
different duration of a step in the actual performance of the 
Surgical procedure than in the virtual performance of the 
Surgical procedure, a different Surgical instrument being used 
in a step of the actual performance of the Surgical procedure 
than in the virtual performance of the Surgical procedure, and 
a step performed in the virtual performance of the Surgical 
procedure not having been performed in the actual perfor 
mance of the Surgical procedure. For another example, the 
warning can include at least one of an audible Sound, an 
illuminated light, a flashing light, a vibration of a Surgical 
instrument being used in the actual performance of the Sur 
gical procedure, and a text warning on a display. 
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0043. In another embodiment, a medical method is pro 
vided that includes receiving post-Surgery treatment plan data 
regarding a plurality of patients. The post-Surgery treatment 
plan data includes a plan of medical treatment corresponding 
to each of the patients. Each of the plans has associated 
therewith at least one Surgical procedure in common with all 
of the plans. The method also includes determining an effec 
tiveness of each of the plans, and determining a Suggested 
plan of medical treatment for a patient based on the deter 
mined effectiveness. The patient has had the at least one 
Surgical procedure performed thereon. The method also 
includes providing the Suggested plan to a user. 
0044) The method can vary in any number of ways. For 
example, the method can include receiving compliance data 
regarding compliance of the patients with their corresponding 
plans, and determining the effectiveness can include deter 
mining based on the compliance data an extent of each 
patient’s compliance with their corresponding plans. Deter 
mining the Suggested plan can include choosing at least a one 
of the plans having a highest level of compliance. For another 
example, determining the effectiveness can include determin 
ing an effect of each of the plans on at least one medical 
diagnosis, and determining the Suggested plan can include 
choosing at least a one of the plans having a most desired 
effect on the at least one medical diagnosis. The patient has 
been diagnosed with the at least one medical diagnosis. For 
yet another example, providing the Suggested plan can 
include showing the Suggested plan on a display. 
0045. In another aspect, a computer-readable medium is 
provided and has stored thereon a program that when 
executed can cause a computer to performany of the methods. 

BRIEF DESCRIPTION OF DRAWINGS 

0046. This invention will be more fully understood from 
the following detailed description taken in conjunction with 
the accompanying drawings, in which: 
0047 FIG. 1 is a schematic diagram of an embodiment of 
a computer system; 
0048 FIG. 2 is a schematic diagram of an embodiment a 
diagnosis, Surgical planning, Support, and management Sys 
tem; 
0049 FIG. 3 is a schematic diagram of an embodiment of 
a network system including the diagnosis, Surgical planning, 
Support, and management system of FIG. 2; 
0050 FIG. 4 is a schematic diagram of an embodiment of 
a continuum of patient care for the diagnosis, Surgical plan 
ning, Support, and management system of FIG. 2; 
0051 FIG. 5 is a perspective view of an embodiment of a 
client terminal that allows user input of data to the diagnosis, 
Surgical planning, Support, and management system of FIG. 
2: 
0.052 FIG. 5A is a schematic view of an embodiment of a 
user interface that allows user input of data to the diagnosis, 
Surgical planning, Support, and management system of FIG. 
2: 
0053 FIG. 5B is a schematic view of another embodiment 
of a user interface that allows user input of data to the diag 
nosis, Surgical planning, Support, and management System of 
FIG. 2: 
0054 FIG.5C is a schematic view of yet another embodi 
ment of a user interface that allows user input of data to the 
diagnosis, Surgical planning, Support, and management Sys 
tem of FIG. 2; 
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0055 FIG. 6 is a perspective view of another embodiment 
of a client terminal that allows user input of data to the 
diagnosis, Surgical planning. Support, and management Sys 
tem of FIG. 2; 
0056 FIG. 7 is a perspective view of an embodiment of a 
bone density marker system that provides bone density infor 
mation to diagnosis, Surgical planning, Support, and manage 
ment system of FIG. 2; 
0057 FIG. 8 is a perspective view of yet another embodi 
ment of a client terminal that allows user input of data to the 
diagnosis, Surgical planning. Support, and management Sys 
tem of FIG. 2; 
0058 FIG. 9 is a perspective view of an embodiment of a 
simulated Surgical procedure display provided by the diag 
nosis, Surgical planning, Support, and management System of 
FIG. 2: 
0059 FIG. 10 is a perspective view of an embodiment of a 
topographical mapping system that provides topographical 
mapping information to the diagnosis, Surgical planning, Sup 
port, and management system of FIG. 2; 
0060 FIG. 11 is a perspective view of an embodiment of a 
client terminal in an OR Setting that communicates with the 
diagnosis, Surgical planning. Support, and management Sys 
tem of FIG. 2; 
0061 FIG. 12 is a perspective view of another embodi 
ment of a client terminal in an OR Setting that communicates 
with the diagnosis, Surgical planning. Support, and manage 
ment system of FIG. 2; 
0062 FIG. 13 is a perspective view of yet another embodi 
ment of a client terminal in an OR Setting that communicates 
with the diagnosis, Surgical planning. Support, and manage 
ment system of FIG. 2; 
0063 FIG. 14 is a perspective view of an embodiment of a 
client terminal showing Surgical progress data received from 
the diagnosis, Surgical planning, Support, and management 
system of FIG. 2; 
0064 FIG. 15 is a perspective view of an embodiment of a 
client terminal showing patient data received from the diag 
nosis, Surgical planning, Support, and management System of 
FIG. 2: 
0065 FIG. 16 is a perspective view of an embodiment of a 
client terminal showing Surgical instrument data received 
from the diagnosis, Surgical planning, Support, and manage 
ment system of FIG. 2; 
0066 FIG.17A is a perspective view of an embodiment of 
projection system that communicates with the diagnosis, Sur 
gical planning, Support, and management system of FIG. 2; 
0067 FIG. 17B is a perspective view of one of the projec 
tors of the projection system of FIG. 17A: 
0068 FIG. 18 is a perspective view of an embodiment of a 
motion sensing system that communicates with the diagnosis, 
Surgical planning, Support, and management system of FIG. 
2: 
0069 FIG. 19 is a perspective view of an embodiment of a 
direct brain interface system that communicates with the 
diagnosis, Surgical planning. Support, and management Sys 
tem of FIG. 2; 
0070 FIG.20 is a perspective view of an embodiment of a 
no-touch data communication system that communicates 
with the diagnosis, Surgical planning. Support, and manage 
ment system of FIG. 2; 
0071 FIG. 21 is a perspective view of an embodiment of a 
visual position and orientation tracking system that commu 
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nicates with the diagnosis, Surgical planning, Support, and 
management system of FIG. 2; 
0072 FIG. 22 is a perspective view of an embodiment of 
an anatomical visualization for a spinal Surgery provided by 
the diagnosis, Surgical planning, Support, and management 
system of FIG. 2; 
0073 FIG. 23 is a perspective view of an embodiment of a 
Void confirmation system that communicates with the diag 
nosis, Surgical planning, Support, and management System of 
FIG. 2: 
0074 FIG. 24 is a perspective view of an embodiment of 
an instrument tracking system that communicates with the 
diagnosis, Surgical planning, Support, and management Sys 
tem of FIG. 2; 
(0075 FIG. 25 is a perspective view of another embodi 
ment of a skin Surface mapping and instrument tracking sys 
tem that communicates with the diagnosis, Surgical planning, 
Support, and management system of FIG. 2; 
0076 FIG. 26 is a perspective view of an embodiment of 
an instrument Sorting system that communicates with the 
diagnosis, Surgical planning, Support, and management Sys 
tem of FIG. 2; 
(0077 FIG. 27 is a perspective view of an embodiment of a 
client terminal showing post-op Surgical procedure data 
received from the diagnosis, Surgical planning, Support, and 
management system of FIG. 2; 
0078 FIG. 28 is a perspective view of an embodiment of a 
client terminal showing post-op treatment plan data received 
from the diagnosis, Surgical planning, Support, and manage 
ment system of FIG. 2; 
(0079 FIG.29A is a perspective view of an embodiment of 
a patient on a bed in a Surgical setting: 
0080 FIG. 29B is a series of perspective views of an 
embodiment of a pedicle demonstrating vertebral body trans 
lation which converts a pedicle trajectory from a first position 
to a second horizontal or plumb position; 
I0081 FIG. 30 is a top, partially transparent view of an 
embodiment of a patient on a bed in a Surgical setting with 
desired vertebral angles: 
I0082 FIG.31 is a perspective view of an embodiment of a 
fluoroscopic image of a lumbar spine of a patient in a baseline 
position; 
I0083 FIG. 32 is a perspective view of an embodiment of a 
fluoroscopic image of the lumbar spine of the patient of FIG. 
31, the lumbar spine being in an initial Surgical position; 
I0084 FIG.33 is a perspective view of an embodiment of a 
fluoroscopic image of the lumbar spine of the patient of FIG. 
32, the lumbar spine moved from the initial surgical position 
to an adjusted Surgical position; 
I0085 FIG. 34A shows a flowchart of an exemplary 
embodiment of using a diagnosis and treatment module of the 
diagnosis, Surgical planning, Support, and management Sys 
tem of FIG. 2; 
I0086 FIG.34B shows another portion of the flowchart of 
FIG. 34A: 
I0087 FIG. 35 shows a flowchart of another exemplary 
embodiment of using a diagnosis and treatment module of the 
diagnosis, Surgical planning, Support, and management Sys 
tem of FIG. 2; 
I0088 FIG. 36 shows a flowchart of another exemplary 
embodiment of using a diagnosis and treatment module of the 
diagnosis, Surgical planning, Support, and management Sys 
tem of FIG. 2; 
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I0089 FIG. 37 shows a flowchart of another exemplary 
embodiment of using a diagnosis and treatment module of the 
diagnosis, Surgical planning. Support, and management Sys 
tem of FIG. 2; 
0090 FIG.38 shows a flowchart of an exemplary embodi 
ment of using a pre-op module of the diagnosis, Surgical 
planning, Support, and management system of FIG. 2; 
0091 FIG. 39A shows a flowchart of another exemplary 
embodiment of using a pre-op module of the diagnosis, Sur 
gical planning, Support, and management system of FIG. 2; 
0092 FIG. 39B shows another portion of the flowchart of 
FIG. 39A: 
0093 FIG. 39C shows another portion of the flowchart of 
FIG. 39A: 
0094 FIG. 40 shows a flowchart of another exemplary 
embodiment of using a pre-op module of the diagnosis, Sur 
gical planning, Support, and management system of FIG. 2; 
0095 FIG. 41A shows a flowchart of an exemplary 
embodiment of using an operation module of the diagnosis, 
Surgical planning, Support, and management system of FIG. 
2: 
0096 FIG. 41B shows another portion of the flowchart of 
FIG. 41A: 
0097 FIG. 41C shows another portion of the flowchart of 
FIG. 41A: 
0098 FIG. 42A shows a flowchart of another exemplary 
embodiment of using an operation module of the diagnosis, 
Surgical planning, Support, and management system of FIG. 
2: 
0099 FIG. 42B shows another portion of the flowchart of 
FIG. 42A. 

DETAILED DESCRIPTION 

0100 Certain exemplary embodiments will now be 
described to provide an overall understanding of the prin 
ciples of the structure, function, manufacture, and use of the 
devices and methods disclosed herein. One or more examples 
of these embodiments are illustrated in the accompanying 
drawings. Those skilled in the art will understand that the 
devices and methods specifically described herein and illus 
trated in the accompanying drawings are non-limiting exem 
plary embodiments and that the Scope of the present invention 
is defined solely by the claims. The features illustrated or 
described in connection with one exemplary embodiment 
may be combined with the features of other embodiments. 
Such modifications and variations are intended to be included 
within the scope of the present invention 
0101 Various systems and methods are provided for sys 
tems and methods for Surgical and interventional planning, 
Support, post-operative follow-up, and functional recovery 
tracking. In general, a patient can be tracked throughout 
medical treatment including through initial onset of symp 
toms, examination and diagnosis, non-Surgical treatment, 
Surgical treatment, and recovery from the Surgical treatment. 
In one embodiment, a patient and one or more medical pro 
fessionals involved with treating the patient can electroni 
cally access a comprehensive treatment planning, Support, 
and review system, e.g., using one or more web pages. The 
system can provide recommendations regarding diagnosis, 
non-Surgical treatment, Surgical treatment, and recovery from 
the Surgical treatment based on data gathered from the patient 
and the medical professional(s), thereby helping to improve 
accuracy in diagnosis and effectiveness of treatment. The 
system can manage the tracking of multiple patients, thereby 
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allowing for data comparison between similar aspects of 
medical treatments, e.g., between similar non-Surgical treat 
ments, and for learning over time through continual data 
gathering, analysis, and assimilation to decision-making 
algorithms. The system can therefore help improve accuracy 
of diagnosis and effectiveness of treatment for multiple 
patients by considering previously gathered data, including, 
e.g., historic Success rates as measured in Health-Related 
Quality of Life (HRQOL), utilization, and health/economic 
parameters, regarding similar diagnoses and treatments in 
providing Suggested diagnoses and recommended treat 
ments. The model can also facilitate various tasks associated 
with Surgical planning, inventory planning, intra-operative 
Support, post-Surgery logistics, and billing phases of patient 
treatment. The system can allow for documentation and 
tracking of the progression of the patient throughout at least 
Some phases of the patients treatment, and in an exemplary 
embodiment all phases, which can be highly beneficial to 
non-Surgical and Surgical treatment of the patient as well as 
for informing decisions regarding non-Surgical and Surgical 
treatments of other patients. 
0102 Computer System 
0103) The systems and methods disclosed herein can be 
implemented using one or more computer systems, which are 
also referred to herein as digital data processing systems. 
0104 FIG. 1 illustrates one exemplary embodiment of a 
computer system 100. As shown, the computer system 100 
can include one or more processors 102 which can control the 
operation of the computer system 100. The processor(s) 102 
can include any type of microprocessor or central processing 
unit (CPU), including programmable general-purpose or spe 
cial-purpose microprocessors and/or any one of a variety of 
proprietary or commercially available single or multi-proces 
sor Systems. The computer system 100 can also include one or 
more memories 104, which can provide temporary storage for 
code to be executed by the processor(s) 102 or for data 
acquired from one or more users, storage devices, and/or 
databases. The memory 104 can include read-only memory 
(ROM), flash memory, one or more varieties of random 
access memory (RAM) (e.g., static RAM (SRAM), dynamic 
RAM (DRAM), or synchronous DRAM (SDRAM)), and/or a 
combination of memory technologies. 
0105. The various elements of the computer system 100 
can be coupled to abus system 112. The illustrated bus system 
112 is an abstraction that represents any one or more separate 
physical busses, communication lines/interfaces, and/or 
multi-drop or point-to-point connections, connected by 
appropriate bridges, adapters, and/or controllers. The com 
puter system 100 can also include one or more network inter 
face(s) 106, one or more input/output (IO) interface(s) 108, 
and one or more storage device(s) 110. 
0106 The network interface(s) 106 can enable the com 
puter system 100 to communicate with remote devices, e.g., 
other computer systems, over a network, and can be, for 
non-limiting example, remote desktop connection interfaces, 
Ethernet adapters, and/or other local area network (LAN) 
adapters. The IO interface(s) 108 can include one or more 
interface components to connect the computer system 100 
with other electronic equipment. For non-limiting example, 
the IO interface(s) 108 can include high speed data ports, such 
as universal serial bus (USB) ports, 1394 ports, Wi-Fi, Blue 
tooth, etc. Additionally, the computer system 100 can be 
accessible to a human user, and thus the IO interface(s) 108 
can include displays, speakers, keyboards, pointing devices, 
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and/or various other video, audio, or alphanumeric interfaces. 
The storage device(s) 110 can include any conventional 
medium for storing data in a non-volatile and/or non-transient 
manner. The storage device(s) 110 can thus hold data and/or 
instructions in a persistent state, i.e., the value is retained 
despite interruption of power to the computer system 100. 
The storage device(s) 110 can include one or more hard disk 
drives, flash drives, USB drives, optical drives, various media 
cards, diskettes, compact discs, and/or any combination 
thereof and can be directly connected to the computer system 
100 or remotely connected thereto, such as over a network. In 
an exemplary embodiment, the storage device(s) can include 
a tangible or non-transitory computer readable medium con 
figured to store data, e.g., a hard disk drive, a flash drive, a 
USB drive, an optical drive, a media card, a diskette, a com 
pact disc, etc. 
0107 The elements illustrated in FIG. 1 can be some orall 
of the elements of a single physical machine. In addition, not 
all of the illustrated elements need to be located on or in the 
same physical machine. Exemplary computer systems 
include conventional desktop computers, workstations, mini 
computers, laptop computers, tablet computers, personal 
digital assistants (PDAs), mobile phones, and the like. 
0108. The computer system 100 can include a web 
browser for retrieving web pages or other markup language 
streams, presenting those pages and/or streams (visually, 
aurally, or otherwise), executing scripts, controls and other 
code on those pages/streams, accepting user input with 
respect to those pages/streams (e.g., for purposes of complet 
ing input fields), issuing Hypertext Transfer Protocol (HTTP) 
requests with respect to those pages/streams or otherwise 
(e.g., for Submitting to a server information from the com 
pleted input fields), and so forth. The web pages or other 
markup language can be in HyperText Markup Language 
(HTML) or other conventional forms, including embedded 
Extensible Markup Language (XML), Scripts, controls, and 
so forth. The computer system 100 can also include a web 
server for generating and/or delivering the web pages to client 
computer systems. 

0109. In an exemplary embodiment, the computer system 
100 can be provided as a single unit, e.g., as a single server, as 
a single tower, contained within a single housing, etc. The 
systems and methods disclosed hereincanthus be provided as 
a singular unit configured to provide the various modules, 
display the various user interfaces, and capture the data 
described herein. The singular unit can be modular such that 
various aspects thereof can be swapped in and out as needed 
for, e.g., upgrade, replacement, maintenance, etc., without 
interrupting functionality of any other aspects of the system. 
The singular unit can thus also be scalable with the ability to 
be added to as additional modules and/or additional function 
ality of existing modules are desired and/or improved upon. 
0110. While some embodiments are described herein in 
the context of web pages, it will be appreciated that in other 
embodiments, one or more of the described functions can be 
performed without the use of web pages and/or by other than 
web browser Software. A computer system can also include 
any of a variety of other software and/or hardware compo 
nents, including by way of non-limiting example, operating 
systems and database management systems. Although an 
exemplary computer system is depicted and described herein, 
it will be appreciated that this is for sake of generality and 
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convenience. In other embodiments, the computer system 
may differ in architecture and operation from that shown and 
described here. 
0111 Diagnosis, Surgical Planning, Support, and Man 
agement System Generally 
0112 FIG. 2 is a schematic block diagram of one exem 
plary embodiment of a diagnosis, Surgical planning, Support, 
and management system 10. The system 10 can includes a 
plurality of modules, discussed further below, which can each 
be implemented using one or more digital data processing 
systems of the type described above, and in particular using 
one or more web pages which can be viewed, manipulated, 
and/or interacted with using Such digital data processing sys 
tems. The system 10 can thus be implemented on a single 
computer system, or can be distributed across a plurality of 
computer systems. The system 10 also includes a plurality of 
databases, which can be stored on and accessed by computer 
systems. It will be appreciated that any of the modules or 
databases disclosed herein can be subdivided or can be com 
bined with other modules or databases. 

0113 Any of a variety of parties can access, interact with, 
control, etc. the system 10 from any of a variety of locations. 
For non-limiting example, as shown in an embodiment illus 
trated in FIG. 3, the system 10 can be accessible over a 
network 12 (e.g., over the Internet via cloud computing) from 
any number of client stations 14 in any number of locations 
Such as a medical facility 16 (e.g., a hospital, an operating 
room (OR), a nurse's station, a medical device distribution 
facility, a medical device company, a hospital’s sterilization, 
records, or billing departments, etc.), a home base 18 (e.g., a 
patient's home or office, a Surgeon’s home or office, etc.), a 
mobile location 20, and so forth. The client station(s) 14 can 
access the system 10 through a wired and/or wireless connec 
tion to the network 12. In an exemplary embodiment, at least 
some of the client terminal(s) 14 can access the system 10 
wirelessly, e.g., through Wi-Fi connection(s), which can 
facilitate accessibility of the system 10 from almost any loca 
tion in the world. As shown in FIG. 3, the medical facility 16 
includes client stations 14 in the form of a tablet and a com 
puter touch screen, the home base 18 includes client stations 
14 in the form of a mobile phone having a touch screen and a 
desktop computer, and the mobile location 20 includes client 
stations 14 in the form of a tablet and a mobile phone, but the 
medical facility 16, the home base 18, and the mobile location 
20 can include any number and any type of client stations. In 
an exemplary embodiment, the system 10 can be accessible 
by a client terminal via a web address and/or a client appli 
cation (generally referred to as an “app'). 
0114. It will be appreciated that the system 10 can include 
security features such that the aspects of the system available 
to any particular user can be determined based on the identity 
of the user and/or the location from which the user is access 
ing the system. To that end, each user can have a unique 
username, password, and/or other security credentials to 
facilitate access to the system 10. The received security 
parameter information can be checked against a database of 
authorized users to determine whether the user is authorized 
and to what extent the user is permitted to interact with the 
system, view information stored in the system, and so forth. 
Exemplary, non-limiting examples of parties who can be 
permitted to access the system 10 include patients, potential 
patients, significant others, friends, and family members of 
patients or potential patients, Surgical technicians, imaging 
technicians (e.g., X-ray technicians, MRI technicians, etc.), 
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Surgeons, nurses, hospital administrators, Surgical equipment 
manufacturer employees, insurance providers, and operating 
room directors. 

0115 FIG. 4 illustrates an exemplary embodiment of a 
medical treatment continuum 22 throughout which the sys 
tem 10 can facilitate diagnosis and treatment of patients. A 
patient can be tracked through a partial portion of the con 
tinuum 22 or through an entirety of the continuum 22. In this 
way, the system 10 can be effective for all patients, not just for 
patients treated with an invasive procedure Such as Surgery, 
needle procedures, biopsy, catheter based procedures, etc. As 
discussed herein, the system 10 can allow paths of an indi 
vidual’s medical treatment through all or part of the con 
tinuum 22 to be compared and consolidated then applied to 
patients with similar symptoms to diagnose and choose the 
treatment that previously produced a best outcome for simi 
larly situated patients. The outcome can include technical, 
anatomic, functional, and patient reported parameters. FIG. 4 
also illustrates how a number of patients in the continuum 22 
is typically greatest in a wellness and prevention phase of the 
continuum 22, second greatest in a conservative therapy 
phase of the continuum 22, third greatest in an interventional 
therapy phase of the continuum 22, and least in Surgical 
procedure and post-Surgery phases of the continuum 22. 
Thus, by comparing and consolidating information regarding 
patients in the phases that typically involve a larger number of 
patients than invasively treated patients, the system 10 can 
help inform treatment of a larger number of patients than 
systems that focus only on Surgical treatments and/or only on 
post-diagnosis. The continuum 22 also shows how data from 
all of the phases can be received by the system 10, thereby 
allowing pooling of data that can inform Subsequent decisions 
in any one or more phases of the continuum 22, including 
phases different from where the data was originally collected. 
0116. The system 10 can include a diagnosis and treatment 
module 200, a pre-op module 202, an operation module 204, 
a post-op module 206, and a recovery module 208. Any of the 
diagnosis and treatment module 200, the pre-op module 202, 
the operation module 204, the post-op module 206, and the 
recovery module 208 can be used independently from one 
another and can be used in combination with any one or more 
of the other modules 200,202,204,206,208. In an exemplary 
embodiment, the diagnosis and treatment module 200, the 
pre-op module 202, the operation module 204, the post-op 
module 206, and the recovery module 208 can be provided as 
a comprehensive system that can track a patient throughout 
medical treatment including through initial onset of symp 
toms, diagnosis, non-Surgical treatment, Surgical and/or other 
invasive treatment, and recovery from the invasive treatment. 
Each of the modules 200, 202, 204, 206, 208 is discussed 
further below in turn. Although each of the modules 200, 202, 
204, 206, 208 is illustrated in FIG.2 as including a plurality of 
component modules, each of the modules 200, 202,204, 206, 
208 can include any number of component modules, e.g., one, 
two, three, etc., the same or different from any of the other 
modules 200, 202, 204, 206, 208. Further, as mentioned 
above, it will be appreciated that any of the modules 200, 202, 
204, 206, 208, and any of their various component modules, 
can be subdivided or can be combined with other modules, 
including modules illustrated in FIG. 2 as being in different 
ones of the modules 200, 202, 204, 206, 208. 
0117 The system 10 can also include a diagnosis and 
treatment database 300 configured to be accessible by the 
diagnosis and treatment module 200 and to store diagnosis 
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and treatment data, a pre-op database 302 configured to be 
accessible by the pre-op module 202 and to store pre-op data, 
an operation database 304 configured to be accessible by the 
operation module 204 and to store operation data, a post-op 
database 306 configured to be accessible by the post-op mod 
ule 206 and to store post-op data, and a recovery database 308 
configured to be accessible by the recovery module 208 and to 
store recovery data. Each of the databases 300,302,304,306, 
308 is discussed further below in turn with respect to their 
associated modules 200, 202, 204, 206, 208. Each of the 
databases 300,302,304,306,308 can include any number of 
component databases, e.g., one, two, three, etc., the same or 
different from any of the other databases 300,302,304,306, 
308. As mentioned above, it will be appreciated that any of the 
databases 300, 302,304,306, 308, and any of their various 
component databases, can be subdivided or can be combined 
with other databases, including databases illustrated in FIG.2 
as being in different ones of the databases 300,302,304,306, 
308. Any portion of any of the databases 300,302,304,306, 
308 can be configured to be accessed by any one or more of 
the modules 200,202,204, 206,208. Although the system 10 
in the illustrated embodiment stores data in database(s), any 
of the systems disclosed herein can store data in database(s) 
and/or in other data organization structure(s). 
0118 Users of the system 10 can include patients and 
medical practitioners involved with treating one or more of 
the patients. In some embodiments, the system 10 can be 
accessible by users other than patients and medical practitio 
ners, such as by medical administrators, e.g., billing admin 
istrators, inventory controllers, etc. Different users can have 
access to different portions of the system 10, as mentioned 
above regarding security features. For non-limiting example, 
the system 10 can be configured to allow patients to access 
only the diagnosis and treatment module 200 and the recovery 
module 208, to allow medical administrators to access only 
the operation module 204, and to allow Surgeons to access all 
of the modules 200, 202, 204, 206, 208. A user can have 
access to only a portion of a module, e.g., to only a Subset of 
component modules within any one or more of the modules 
200, 202, 204, 206, 208. 
0119) 
0.120. The diagnosis and treatment module 200 can gen 
erally provide users of the system 10 with an interface for 
managing patient wellness and prevention and for managing 
patient treatment at least until planning for any Surgery 
begins. More particularly, the diagnosis and treatment mod 
ule 200 can receive patient-specific data Such as Symptoms, 
provide diagnoses based on the patient-specific data, Suggest 
medical practitioners experienced with particular diagnoses, 
provide conservative treatment options (e.g., non-Surgical 
treatments) for particular diagnoses, provide coaching on 
reducing risk factors for pain through lifestyle changes, and 
provide interventional therapy treatment options (e.g., Surgi 
cal treatments, needle procedures, biopsy, catheter based pro 
cedures, etc.) and/or pharmacological treatments for particu 
lar diagnoses. Indications of drugs and their potential 
interactions with existing medications can also be provided. 
In this way, the diagnosis and treatment module 200 can be 
configured to assist patient diagnosis and treatment through a 
continuum including patient onset of pain, patient arrival at a 
doctor, and a decision to pursue an invasive treatment such as 
Surgery. In one embodiment, the diagnosis and treatment 
module 200 can be implemented using one or more web pages 
which are configured to receive user input and present infor 
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mation to a user. In an exemplary embodiment, both patients 
and medical practitioners can access at least a portion of the 
diagnosis and treatment module 200. In an exemplary 
embodiment, the diagnosis and treatment module 200 can be 
accessed by users via a web interface, e.g., by connecting to 
the Internet via a client terminal and accessing a specific web 
address, by launching an app on a client terminal that accesses 
the system 10, etc. As mentioned above, the users can wire 
lessly access the system 10, including the diagnosis and treat 
ment module 200. 

0121 The diagnosis and treatment module 200 can 
include a diagnosis module 210, a treatment options module 
212, a care provider module 214, and a treatment compliance 
module 216. Each of the modules 210, 212, 214, 216 is 
discussed further below in turn. 

0122 AS mentioned above, the diagnosis and treatment 
module 200 can be configured to read information from and 
write information to the diagnosis and treatment database 
300. The diagnosis and treatment database 300 can include a 
diagnosis database 310, a treatment database 312, and a care 
provider database 314. Various ones of the diagnosis and 
treatment module’s component modules 210, 212, 214, 216 
can be configured to access one or more of the diagnosis 
database 310, the treatment database 312, the care provider 
database 314, and/or various other databases, e.g., the pre-op 
database 302, the operation database 304, the post-op data 
base 306, and the recovery database 308. Each of the data 
bases 310, 312,314 is discussed further below in connection 
with various ones of the diagnosis and treatment module’s 
component modules 210, 212, 214, 216. 
0123 Diagnosis Module 
0.124. The diagnosis module 210 can provide users of the 
system 10 with an interface for entering and evaluating Symp 
toms and for receiving preliminary diagnoses based on the 
entered symptoms. The preliminary diagnoses can also be 
based on any one or more of prior treatments received by the 
patient, on physical examination data (e.g., signs noticed by a 
medical professional examining the patient), images of the 
patient, laboratory test results for the patient, patient demo 
graphic data, and/or on historical tests (e.g., genetic testing). 
Basing preliminary diagnoses on symptoms in addition to one 
or more other patient-specific factors can allow the diagnosis 
module 210 to provide more customized and better informed 
preliminary diagnosis information specific to a particular 
patient. The diagnosis module 210 can be configured to allow 
patients to enter their own symptoms for evaluation and pos 
sible diagnosis and to allow medical professionals to enter 
symptoms for their patients for evaluation and possible diag 
nosis. The diagnosis module 210 can also be configured to 
allow patients to enter previously received treatments for the 
symptoms, including self-treatments (e.g., over the counter 
medicine, etc.) and professionally-provided treatments. Each 
patient can be uniquely identified in the system 10, e.g., by 
name, identification code, etc., Such that symptoms entered 
for a particular patient by the patient and by other user(s) can 
be stored in the diagnosis and treatment database 300, e.g., in 
the diagnosis database 310, as being associated with the 
patient. The patient’s Electronic Medical Record (EMR) can 
be linked by their health care provider to the diagnosis and 
treatment database 300. The symptoms and historical treat 
ments identified for aparticular patient can be accessed at any 
time in the future using the system 10, which can help facili 
tate continued treatment and evaluation of the patient, e.g., by 
allowing severity of symptoms to be tracked over time as the 
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patient and/or other user(s) updates the system 10. Symptoms 
for a patient can be stored in the diagnosis and treatment 
database 300, e.g., in the diagnosis database 310, with a date 
and time stamp, which can facilitate the continued treatment 
and evaluation of the patient. Similarly, other data discussed 
herein as being related to a particular patient can be stored in 
the diagnosis treatment database 300, the pre-op database 
302, the operation database 304, the post-op database 306, 
and the recovery database 308 as being associated with the 
patient and as having a date and time stamp. The patients 
EMR, historical treatments, images, lab results, physical 
exam results, symptoms, etc., to the extent they are provided 
to the system 10, can be compared to other patient data 
included in the diagnosis and treatment database 300 to com 
pile outcome predictions based on retrospective results from 
treatment results of patients with similar indications. This 
compilation can allow medical care providers and patients to 
make more informed treatment and procedural decisions. 
0.125. The system 10 can allow users to submit symptoms 
in a variety of ways. Other patient-specific factors can be 
submitted to the system 10 similar to that discussed herein 
regarding Submission of symptoms. Patient-specific factors 
can be submitted to the system 10 by a patient or other user, 
e.g., the patient’s primary care physician, a lab technician, 
etc. Additionally, the diagnosis module 210 and other mod 
ules discussed herein can be configured to consider patient 
specific factors in making various determinations similar to 
that discussed herein regarding the modules consideration of 
symptoms. 
0.126 FIG. 5 illustrates one embodiment of symptom 
input to the system 10 by a user 24 via a client terminal in the 
form of a touch screen tablet 26. Although the touch screen 
tablet 26 is shown in the illustrated embodiment, the system 
10 can allow for symptom selection in other ways, such as by 
other touch screen devices, by other client terminals, by 
mouse selection, by drop-down text menu, etc. The touch 
screen tablet 26 shows an interface allowing user selection of 
area(s) of a body in which symptom(s) manifest, but symp 
tom(s) and their locations in the body can be identified and 
entered by a user in other ways, such as by text, pointer device 
selection (e.g., mouse clicking, touch via stylus pen, etc.), 
drop-down menu, etc. The diagnosis module 210 can be con 
figured to provide the user with a variety of symptoms for 
selection based on the user's selected area(s) of the body in 
which symptom(s) manifest. The variety of symptoms can be 
stored in the diagnosis database 310 for selection based on a 
users input and for display to the user. For non-limiting 
example, if a patient selects a hip area as having pain, the 
diagnosis module 210 can be configured to retrieve from the 
diagnosis database 310 one or more possible additional 
symptoms associated with hip pain, e.g., Swelling, pain dur 
ing movement, pain when stationary, stiffness following a 
period of inactivity, etc., that the user can further select to help 
better define the user's condition. 

0127 FIGS. 5A-5C illustrate one embodiment of a user 
interface 25 configured to be provided on a client terminal and 
to allow user input of data to the system 10. The user interface 
25 relates to entry of input of data regarding back and neck 
pain, but as mentioned above, data regarding any one or more 
symptoms can be input into the system 10. As shown in FIG. 
5A, the user interface 25 can be configured to allow a user to 
select one or more portions of a body on a body chart where 
pain is being experienced. The body chart can include a front 
view body chart 27 and a back view body chart 29, each body 
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chart 27, 29 providing predetermined areas that can be 
selected by the user. As shown in FIG. 5B, for each selected 
body portion, the user can be prompted to indicate a level of 
pain experienced in that selected body portion by using a 
sliding scale 31 ranging from Zero (near a Smiling face 
graphic) indicating no pain to ten (near a frowning face 
graphic) indicating extreme pain. Levels of pain can be input 
in any number of other ways, such as by entering a numerical 
level of pain from Zero to ten in a text entry field, etc. The 
sliding scale 31 can be provided in a pop-up window, as 
shown in the illustrated embodiment, or can be a separate 
screen on the client terminal. The user can also be prompted 
to answer one or more questions about their symptoms, as 
shown in FIG. 5C. Examples of questions include identifica 
tion data (e.g., name, birthdate, age, medical record number, 
etc.), “How long have you had your symptoms?”, “Which one 
of the following best describes the amount of pain you have 
experienced during the past six months?’ (none, mild, mod 
erate, moderate to severe, severe), “Which one of the follow 
ing best describes the amount of pain you have experienced 
during the past one month?' (none, mild, moderate, moderate 
to severe, severe), "During the past six months have you been 
a very nervous person?' (no, a little, some, most of the time, 
all of the time), “What is your current level of activity? 
(bedridden, primarily no activity, light labor and light sports, 
moderate labor and moderate sports, full activities without 
restriction), “How do you look in clothes? (very good, good, 
fair, bad, very bad), “Do you experience pain when at rest?”, 
“What is your current level of work/school activity?”, “Does 
your pain limit what you do around the house?”, “Does your 
condition affect your personal relationships? (no, slightly, 
mildly, moderately, severely), “Have you been a happy per 
son in the past six months?”, “Would you have the same pain 
management again if you had the same condition?' (defi 
nitely yes, probably yes, not Sure, probably not, definitely 
not), etc. In an exemplary embodiment, the questions can help 
pinpoint location, quality, and duration of the symptoms; 
precipitating events or circumstances; exacerbating and 
relieving factors; and any changes over time. 
0128 FIG. 6 illustrates another embodiment of symptom 
input to the system 10 by the user 24 via electronic image 
collection by a client terminal in the form of a mobile phone 
28. The user 24 can launch an app on the mobile phone 28 
configured to electronically communicate with the diagnosis 
and treatment module 200, e.g., interface with the system 10 
via the network 12 using electronic signals transmitted wire 
lessly and/or using wired connection(s). The app can be con 
figured to capture data, e.g., one or more still images and/or 
one or more videos, indicating one or more physical charac 
teristics of the patient 24, e.g., a range of motion of the patient 
24, an amount of Swelling, skin discoloration, etc. The cap 
tured data can be saved in the diagnosis database 310. The 
captured data can be helpful in evaluating symptoms involv 
ing, e.g., joint issues and back pain, and/or can be helpful in 
tracking changes in the patient over time, e.g., Scoliosis curve 
progression can be monitored over time and/or predicted into 
the future aspediatric patients grow. The mobile phone 28 can 
be stably situated, e.g., via phone stand 30, to help provide 
stable images to the system 10. The diagnosis and treatment 
module 200 can be configured to prompt the user to collect 
specific images, e.g., one or more images of the user from a 
certain angle, a video of the user performing a certain task, a 
Video of a user holding a certain position for a certain amount 
of time, etc. The prompt can be based on one or more factors, 
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Such as previously collected images of the patient (e.g., want 
to collect images over time with each image being from a 
same angle), preference of the user's primary care physician 
(e.g., always urge video collection over still image collec 
tion), the user's entered symptoms (e.g., ask the user to cap 
ture an image of the user attempting to touch their toes if back 
pain is Submitted as a symptom), etc. 
I0129. Although an app is used to collect data in the illus 
trated embodiment, a person skilled in the art will appreciate 
that data can be captured in other ways and that devices other 
than mobile phones can be used to collect the data with or 
without running an app. A person skilled in the art will appre 
ciate that data can be captured in a variety of ways, e.g., using 
a camera (standalone or integrated into another device such as 
a mobile phone or tablet); a video camera (standalone or 
integrated into another device Such as a mobile phone or 
tablet); one or more sensors (e.g., gyro, accelerometer, global 
position system (GPS), etc.) on a Smartphone, in a skin patch 
(e.g., patches available from MC10 Inc. of Cambridge, 
Mass.), integrated into Smart clothing, or in additional sens 
ing or monitoring devices that can connect to the client ter 
minal via wireless or wired connection, etc.; any of a variety 
of known motion capture apps or motion capture software; 
etc. 

0.130. In another embodiment, a user, e.g., a patient, can 
use a head-mounted neural mapping device, e.g., an acceler 
ometer, under medical Supervision to collect and Submit neu 
ral mapping data to the diagnosis database 210. Neural map 
ping data can be helpful in determining and quantizing pain 
levels of a patient. Over time, the neural mapping data and the 
patient’s self-described pain can help the system 10 learn 
objective pain levels, e.g., normalize pain levels to allow a 
more objective evaluation of pain. 
I0131 By being accessible over a network, the system 10 
can allow users to enter symptom information to the diagnosis 
module 210 when a patient is remote from a medical setting 
(e.g., doctors office, hospital, clinic, etc.) and when the 
patient is in a medical setting. Allowing a patient to Submit 
their own symptoms to the system 10 can result in one or more 
benefits. A patient can better determine whether and when it 
would be appropriate to see a medical professional because 
the system 10 can provide a recommendation of whether and 
when to visit a medical professional in person based on the 
patient's specific symptoms, thereby saving both the patients 
and the medical professional's time. If and when a patient 
visits a medical professional, the medical professional can 
access the system 10 to evaluate the patient’s symptoms even 
before the patient personally discusses their symptoms with 
the medical professional, which can allow the medical pro 
fessional to better focus their in-person time with the patient, 
e.g., ask more informed questions, be prepared to perform 
certain tests, etc. Having symptoms stored in the diagnosis 
and treatment database 300 can help prevent the patient from 
forgetting to mention certain symptoms to a medical profes 
sional in person and/or from forgetting particular onset and/or 
timing of certain symptoms because the symptoms will 
already be logged in the system 10. The medical professional 
can therefore be better able to provide diagnosis and treat 
ment information to the patient because the information can 
be based on a more complete and accurate picture of the 
patient’s condition. The system 10 can capture transient 
symptoms, e.g., hives, spasms, etc., that may not manifest 
when the patient is at a doctors office or otherwise in direct 
observation of a medical professional. These captured tran 
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sient symptoms, e.g., recorded and stored audio, video, and/ 
or still image, can allow a medical professional to more fully 
evaluate a patient’s condition by being able to directly 
observe the transient symptoms without having to rely solely 
on a patient's memory and/or on a patient's unintentionally 
inaccurate and/or medically imprecise description of tran 
sient symptoms. 
0.132. By allowing users other than the patient to submit 
symptoms to the system 10 for a patient, the system 10 can 
allow for symptoms to be logged that may be overlooked by 
a non-medically trained person as not being significant and/or 
can ensure a more complete record of symptoms. The system 
10 can therefore have more complete knowledge of a patients 
symptoms and thus better analyze a patient's condition so as 
to provide a more accurate diagnosis and/or more effective 
treatment plan for the patient. The system 10 can allow users 
of the system other than the patient to link and/or upload 
previously collected patient data, e.g., prior medical history, 
demographics information, etc., to the system 10, which can 
allow the system 10 to better analyze information regarding a 
patient because more data can be taken into account for Vari 
ous analyses. Exemplary embodiments of uploading data 
Such as images are described in more detail in U.S. patent 
application Ser. No. 13/603,452 entitled “Systems And Meth 
ods For Surgical Support And Management filed Sep. 5, 
2012, which is hereby incorporated by reference in its 
entirety. 
0133. The diagnosis module 210 can be configured to 
analyze symptoms entered by a patient, determine at least one 
possible diagnosis based on the entered symptoms, and pro 
vide the at least one possible diagnosis to the user, Such as by 
causing a display Screen (e.g., a screen of the same device the 
user used to enter the symptoms) to show a list of the diagnos 
(i/e)s. The possible diagnos(i/e)s can be provided to the user 
with a caution that the diagnos(i/e)s are preliminary only and 
that a user must consult a doctor for a complete evaluation and 
diagnosis. 
0134. The diagnosis module 210 can be configured to 
analyze the symptoms for a patient entered by one or more 
users and determine the at least one preliminary diagnosis in 
a variety of ways. In an exemplary embodiment, the diagnosis 
database 310 can include a plurality of possible diagnoses, 
each of the possible diagnoses being associated with a plu 
rality of symptoms. This diagnosis data can be organized in 
any way, Such as in a table. The diagnosis module 210 can be 
configured to compare user-entered symptoms with the plu 
rality of possible diagnoses stored in the diagnosis database 
310 and determine which of the plurality of possible diag 
noses are associated with symptoms matching the user-en 
tered symptoms. The diagnosis module 210 can be configured 
to compare gathered neural mapping data for a patient with 
pain level data about the patient previously entered by another 
user, e.g., by the patient, and/or with previously determined 
neural maps stored in the diagnosis database 310. The diag 
nosis module 210 can thus be configured to learn an objective 
way to measure pain, and to create a pain thermometer based 
on data from a plurality of patients, rather than rely on a 
particular patient’s pain numbers. Additionally, as mentioned 
above, the diagnosis module 210 can be configured to analyze 
any one or more patient-specific factors in addition to Symp 
toms in determining a diagnosis. 
0135 The diagnosis module 210 can be configured to 
determine a diagnosis based on a patient’s entered patient 
specific-factors matching predetermined attributes or criteria. 
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Each of the diagnoses in the diagnosis database 310 can be 
associated with predetermined criteria. Each of the criteria 
can include a plurality of attributes such that each of the 
diagnoses are associated with a combination of attributes that 
define patients having that diagnosis. In other words, the 
predetermined criteria can define patient-specific factors 
associated with a diagnosis such that if a patient's factors 
match the criteria, the diagnosis module 210 can identify that 
diagnosis for the patient. The predetermined criteria can also 
define patient-specific factors that exclude a particular diag 
nosis such that if a patient has a factor that matches the 
exclusion factor included in the criteria, the diagnosis module 
210 can exclude that diagnosis for the patient. The predeter 
mined criteria for a diagnosis can thus include inclusion cri 
teria (e.g., attributes associated with the diagnosis) and exclu 
sion criteria (e.g., attributes excluding the diagnosis). The 
diagnosis module 210 can be configured to provide a confi 
dence level with a determined diagnosis based on the 
patient's factors matching with the predetermined criteria. 
The confidence level can reflect a number of the predeter 
mined criteria that are matched for a particular patient. In an 
exemplary embodiment, the confidence level can be provided 
as a percentage of attributes matched for a patient (e.g., 75% 
match, 95% match, 80% match, etc.) and/or as a number of 
attributes matched (e.g., 7 of 8 attributes matched, 18 of 18 
attributes matched, etc.). If a patient matches all a diagnosis’s 
attributes, the diagnosis module 210 can be configured to 
indicate that the patient is a “perfect” match. Correspond 
ingly, if a patient does matches most but not all a diagnosis’s 
attributes, the diagnosis module 210 can be configured to 
indicate that the patient is not a “perfect” match but is a 
“possible' match or, if more attributes are matched, a “likely 
match. 

0.136 The diagnosis module 210 may determine that the 
user's entered symptoms do not match any of the stored 
plurality of possible diagnoses, e.g., no one of the plurality of 
possible diagnoses includes all of the user's entered symp 
toms. In such a case, the diagnosis module 210 can be con 
figured to inform the user that no matching diagnoses were 
located and/or the diagnosis module 210 can be configured to 
determine one or more “best guess' diagnoses based on, e.g., 
which one or more of the stored possible diagnoses match a 
majority of the user's entered symptoms. 
0.137 The diagnosis module 210 can therefore be config 
ured as a preliminary diagnosis mechanism that collects vari 
ous patient data, can help inform a patient of one or more 
possible causes of their symptoms, and can help inform medi 
cal practitioner(s) treating the patient of possible diagnoses to 
consider upon evaluation of the patient, either in person and/ 
or upon review of the user's entered data. Thus, even before a 
patient visits a medical care practitioner in person, or even if 
a patient never visits a medical care practitioner in person, the 
patient can receive information regarding their symptoms, 
which can facilitate speedy treatment. The diagnosis module 
210 can also help inform medical practitioners about condi 
tions with which they have less familiarity with, which can 
help train the medical practitioners, make their job easier, and 
provide better outcomes through instant education of the 
medical practitioners. The diagnosis module 210 can be con 
figured to determine and report differential diagnosis, with 
ranked appropriate diagnoses and confidence levels for each 
assigned diagnosis, which can help a medical professional 
make more informed decisions regarding patient diagnosis 
and/or treatment. The diagnosis module 210 can be config 
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ured to capture a plurality of coexisting diagnosis, e.g. meta 
static tumor and fracture, Scoliosis and myelopathy, etc. Since 
the diagnosis module 210 can capture all ongoing treatments, 
therapies and medicines to which the patient has been 
exposed, the potential for dangerous drug interaction or haz 
ardous interactions with different therapies can be avoided 
through automated warnings provided by the system 10 to, 
e.g., a Surgeon, nurse, pharmacist, and/or patient. 
0.138. The diagnosis module 210 can allow a medical prac 

titioner to manually enter diagnosis information for a patient 
to be stored in the diagnosis database 310 for the patient. This 
manually entered diagnosis information can be based on 
symptom data input to the system 10 or can be based on other 
data and analysis, e.g., data collected outside the system 10 
and analyzed by the medical practitioner. By allowing diag 
nosis information to be directly entered into the system 10, 
the system 10 can help manage treatment of the patient 
through a continuum of treatment following an initial diag 
nosis. The system 10 can therefore be seamlessly integrated 
into a medical practitioner's current practice, a hospital set 
ting, etc. in which at least Some patients already have diag 
noses for various illnesses, injuries, and diseases. Similarly, 
the system 10 can allow manual entry of other information 
mid-way through a patient’s diagnosis and/or treatment. Such 
as a patients treatment plan, so as to allow seamless integra 
tion of the system 10 into a patient’s medical care. 
0.139. By way of example, the system 10 can be used in a 
spinal context, such as to test for the presence of cytokines 
(such as Fibronectin-aggrecan complex, FAC) and growth 
factors (such as TNF-alpha or IL-8) in the intervertebral disc 
of patients, in specifically DDD or herniated disc cases in the 
lumbar, thoracic, or cervical spine. The system 10 can prompt 
a physician to run this test as a result of the system's review of 
a patient’s symptoms. The result of the test can be stored in 
the diagnosis database 310 and used in the diagnosis of the 
patient and in recommending the use of certain treatments 
Such as epidural Steroid injections, e.g., Enbrel or Remicade 
(TNF antagonists). As the system 10 continually runs these 
tests on more patients, and then Subsequently tracks the tests 
validity in diagnosing the patient's condition by relating it to 
the patient outcome of the chosen Surgical treatments for 
DDD and/or herniated disc, the system 10 will gain a more 
refined intelligence of when to prescribe the test, and when to 
prescribe certain medications and/or treatments (invasive or 
non-surgical) based on the results of the test. The system 10 
can also be configured to receive the raw data of the test, and 
through the statistical power created by continually compar 
ing these granular results with chosen treatments and patient 
outcomes, the system 10 can further refine the analysis of the 
chemical components of the test and more accurately relate 
them to diagnoses, treatments, and outcomes. Alternately, the 
system 10 can be configured to record the DNA data for each 
patient in the diagnosis database 310, provided by a sequenc 
ing test, and run an algorithm that analyzes and compares the 
DNA markers for patients with similar pain diagnoses. Over 
time, this continual comparison will result in the system 10 
identifying markers that predict patients to be at a higher risk 
for certain spinal disorders. This identification will help in the 
initial diagnosis phase to develop an appropriate treatment 
plan based on the existence of these high-risk markers in 
combination with the patient’s symptoms. For example, if 
there are clear markers that indicate that the condition will 
only worsen with time and that surgical intervention will be 
necessary, then a less invasive Surgery can be done early 
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before the condition worsens and results in more pain and 
disability. If the patient is lacking high risk markers, then a 
more conservative treatment would be recommended as a first 
course of action. 

0140 For another example, the diagnosis module 210 can 
include an algorithm, alone or in combination with the treat 
ment options module 212, that can be configured to analyze 
inputs such as an MRI or CT scan of a patient so as to 
automatically detect specific features contained in inputs that 
are related to specific pathologies. Based on the analysis, this 
auto diagnosis algorithm can provide feedback to the user of 
the pathologic issue that has been discovered for consider 
ation in determining diagnosis, along with treatment recom 
mendations, as determined in concert with the other system 
inputs. In an exemplary embodiment, the algorithm can have 
pre-programmed pathologies to look for, such as collapsed 
disc space (shorter than a determined height) and a loss of 
signal in the spinal cord. These pre-programmed pathologies 
can have related treatment methods predefined in the diagno 
sis module 210 and/or the treatment options module 212. As 
the system 10 collects more data, the system 10 can be able to 
compare these analyses and recommendations to the func 
tional outcomes across patients, and can learn how accurate 
pre-programmed inputs to the system 10 were, and adjust as 
necessary to increase the accuracy of the auto diagnosis based 
on this result. The system 10 can be configured to perform 
further analysis to autonomously develop its own criteria for 
assessing the inputs (e.g., the MRI or CT scans) by using the 
data collected in the diagnosis and treatments database 300 
and/or the recovery database 308 to find common anomalies 
between patients and the treatments that are most Successful 
in addressing them. 
0141 Treatment Options Module 
0142. The treatment options module 212 can provide users 
of the system 10 with an interface for receiving one or more 
treatment options based on the preliminary one or more diag 
noses determined by the diagnosis module 210. A user can 
receive treatment option(s) for each of the determined pre 
liminary diagnoses, or the treatment options 212 module can 
allow the user to particularly select one or more of the pre 
liminary diagnoses to receive treatment option(s) therefor 
from the system 10. 
0143. The treatment options module 212 can determine 
the treatment option(s) in a variety of ways. In an exemplary 
embodiment, the treatment database 312 can include a plu 
rality of possible treatment options, each of the possible treat 
ment options being associated with at least one possible diag 
nosis. This treatment options data can be organized in any 
way, such as in a table. The treatment options module 212 can 
be configured to assemble composite patient data points in 
real time, until the search crosses a predetermined threshold 
for meeting an optimal constellation of findings that most 
perfectly match with a certain treatment option. The treat 
ment options module 212 can be configured to screen for all 
known contraindications and relative contraindications 
simultaneously. If key elements of these are found to be 
unknown, the treatment options module 212 can be config 
ured to query the user to provide the missing data before 
Suggesting any treatment. The treatment options module 212 
can be configured to compare a possible diagnosis with the 
plurality of treatment options stored in the treatment database 
312 and determine which of the plurality of possible treat 
ment options are associated with the possible diagnosis based 
on prior treatments and outcomes that have been uploaded to 
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and stored in the treatment database 312. This comparison 
can be performed automatically by automatically reviewing 
the stored data. The information loaded to the system 10 
regarding prior patients can include a plurality of specific 
variables or attributes for each patient and treatment type that 
can be compared and grouped in numerous combinations 
automatically by the system 10. Examples of the variables 
include patient age, height, weight, pain levels, scan images 
(e.g., MRI, CT, X-ray, etc.), range of motion, lifestyle behav 
iors (e.g., Smoking, exercise, etc.), bone density, disc degen 
eration, pain locations, type of procedure performed, bone 
removed, disc removed, implants used, pharmaceuticals 
administered, reduction in pain, return to work, fusion rate, 
and functional outcome. Collection of the specific variables 
for each patient can allow the system 10 to automatically and 
continually review the data and discover trends in the vari 
ables between patients and relate these trends to patient type, 
procedure type, and functional outcomes. These relationships 
can be evaluated by the system 10 through multiple algo 
rithms in the diagnosis and treatment module 210 to provide 
more accurate recommendations of treatments for the patient 
and their symptoms to result in an optimized outcome. 
0144. The treatment options module 212 can be config 
ured to determine a treatment using predetermined criteria 
similar to that discussed above regarding the diagnosis mod 
ule 210 using predetermined criteria to determine a diagnosis. 
0145 The treatment options module 212 can be config 
ured to cause a display screen (e.g., a screen of the same 
device the user used to enter the symptoms) to show a list of 
the possible treatment option(s). The possible treatment 
option(s) can be provided to the user with a caution that the 
possible treatment option(s) are preliminary only and that a 
user must consult a doctor for a complete evaluation and 
treatment plan. The possible treatment option(s) can be pro 
vided to the user with historic success rates of each of the 
possible treatment option(s). The historic Success rates can be 
stored in the treatment database 312 for each of the treatment 
options and can be manually entered. Alternatively or in 
addition, the historic Success rates can be based on data col 
lected by the system 10 regarding a plurality of patients, e.g., 
HRQOL, health economic data, etc., such that the system 10 
can act as a feedback loop system in which previously col 
lected data regarding treatments received by actual patients 
can inform treatment options suggested to future patients. 
The possible treatment option(s) can be provided to the user 
with educational resources for at least one of the options, e.g., 
links to informational web pages stored in the system 10 (e.g., 
in the treatment database 312), links to third party educational 
websites, lists of or links to journal articles or books, educa 
tional video of a Surgical procedure that is stored in the system 
10 (e.g., in the treatment database 312), links to medical 
device product brochures (e.g., brochures stored electroni 
cally in the system 10), etc. 
0146 In some embodiments, the treatment options mod 
ule 212 can provide coding and reimbursement information 
for each of the Suggested treatment options. Providing Such 
information can facilitate educated decision-making about 
which of the treatment options to pursue (if any). 
0147 In some embodiments, the treatment options mod 
ule 212 can be configured to consider one or more factors 
other than patient symptoms in determining treatment option 
(s) to suggest for a patient. Considering such factors can allow 
a potential Success rate of various treatment options to be 
considered by the treatment options module 212 in Suggest 
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ing particular treatment options for a patient. Such factors can 
include any one or more of a patient's age, medical practitio 
ner treatment preferences previously logged in the treatment 
database 312, a patient's bone density, a patient’s medical 
history, prior Surgery performed on the patient, discography, 
a compliance rate of the patient with prior non-Surgical treat 
ments, leak rate studies, patient images (e.g., X-rays, mag 
netic resonance imaging (MRI) images, X-ray computed 
tomography (CT) scans, etc.), test results data from lab tests, 
etc. 

0148 FIG. 7 illustrates an embodiment of obtaining accu 
rate bone density information for a patient using a CT scan 
ning machine 32 and a bone density marker 34. The bone 
density marker 34 can include a first material having a first 
density p on one side, e.g., right side, of the marker 34 and a 
second material having a second density p next to the first 
material on an opposite side, e.g., left side, of the marker 34. 
The marker 34 can be placed on and/or under a patient 
scanned by the CT machine 32. By knowing the densities p, 
p of the marker 34, a correlation can be made to the grey 
scale output of the CT scan. Densities of any pixel in the CT 
scan can therefore be determined. The patient’s bone density 
can therefore be determined by analyzing pixels showing 
bone in the CT scan. The treatment options database 210 can 
be configured to consider the patient's bone density data in 
determining Suggested treatment options for the patient, e.g., 
Suggest treatment options with very low impact exercise if a 
patient has very low bone density, suggest no surgical treat 
ments if bone density is too low, etc. 
014.9 The possible treatment options suggested by the 
treatment options module 212 can include non-Surgical treat 
ment options (e.g., diet adjustments, exercise regimens, 
medications, etc.) and invasive treatment options such as 
Surgical treatment (e.g., specific Surgical procedures), needle 
procedures, biopsy, and catheter based procedures. In an 
exemplary embodiment, only non-Surgical treatment(s) can 
be initially suggested to a user of the system 10. In this way, 
a conservative treatment can be pursued before a more radi 
cal, typically more costly treatment such as Surgery is pur 
Sued. If one or more of the non-Surgical treatments are pur 
sued and are determined to unsatisfactorily address a 
patient’s problem(s), then the treatment options module 212 
can be configured to suggest one or more invasive treatment 
options. The Suggestion invasive treatment options can each 
include procedure type and, if appropriate, implant options. 
The treatment options module 212 can be configured to Sug 
gest the one or more invasive treatment options upon request 
by a user, e.g., when a medical practitioner requests non 
conservative treatment options for a particular patient, and/or 
can be configured to Suggest the one or more invasive treat 
ment options when a trigger event occurs, e.g., after a prede 
termined threshold amount of time passes from commence 
ment of a non-Surgical treatment for a patient after which the 
patient has not shown a predetermined amount of improve 
ment. By way of non-limiting example, the treatment options 
module 212 can be configured to analyze data gathered by the 
diagnosis module 210 and/or the treatment compliance mod 
ule 216, discussed further below, and determine whether the 
patient's mobility has improved by a certain degree after a 
certain amount of time as indicated by reported pain levels 
and/or analysis of captured images. Before the treatment 
options module 212 Suggests one or more invasive treatment 
options following determination that a non-surgical treatment 
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is not achieving a desired outcome, the treatment options 
module 212 can be configured to first Suggest one or more 
other non-Surgical treatments. 
0150. By suggesting treatment option(s) to a user, the 
diagnosis and treatment module 200 can allow the user to 
receive and analyze information that may be outside their area 
of medical expertise. For non-limiting example, a general 
medical practitioner Such as a patient’s primary care physi 
cian (PCP) may not be very familiar with specific spine inju 
ries or deformities. The diagnosis and treatment module 200 
can allow the PCP to enter a patient’s spinal symptoms (e.g., 
to the diagnosis module) and receive a suggested treatment 
(e.g., from the treatment options module 212) for the spine 
related symptoms. The PCP can therefore provide speedier, 
more detailed diagnosis information to the patient, as well as 
direct the patient to a specialist and/or advise appropriate 
care, more quickly, and likely more accurately, than if the 
PCP had to rely on traditional diagnosis and treatment assis 
tance tools such as print or electronic books, print or elec 
tronic articles, and consultation with colleagues. The PCP can 
still consult the traditional diagnosis and treatment assistance 
tools. Additionally, the PCP can become better informed 
about spinal issues through use of the diagnosis and treatment 
module 200 for the patient with spine-related symptoms, 
which can help the PCP train residents, educate colleagues, 
educate patients, and treat future patients having similar 
symptoms. 
0151. The treatment options module 212 can include a 
patient consent of treatment form where password protected 
signature approval is obtained from the patient noting a full 
understanding of options and agreement to provider pre 
scribed treatment(s). This form and signature can be stored in 
the patient record of the diagnosis and treatment database 300 
and can be linked to the patient’s EMR. 
0152 Care Provider Module 
0153. The care provider module 214 can provide users of 
the system 10 with an interface for receiving a recommenda 
tion of one or more medical practitioners to treat a patient 
based on one or more of the preliminary one or more diag 
noses determined by the diagnosis module 210, the one or 
more treatment option(s) determined by the treatment options 
module 212, and the patient's geographic location. The care 
provider database 314 can include data regarding a plurality 
of medical practitioners, each of the medical practitioners 
being associated with at least one geographic location, at least 
one area of medical practice, at least one previously per 
formed Surgical procedure, and/or at least one previously 
provided medical treatment. This care provider data can be 
organized in any way, Such as in a table. 
0154 The care provider module 214 can be configured to 
compare at least one of the preliminary diagnoses determined 
by the diagnosis module 210, the treatment option(s) deter 
mined by the treatment options module 212, and the patients 
geographic location with the data stored in the care provider 
database 314 to determine one or more medical practitioners 
associated with the preliminary diagnoses determined by the 
diagnosis module 210, the treatment option(s) determined by 
the treatment options module 212, and/or the patient’s geo 
graphic location so as to be appropriate for the patient to 
consult for further medical information and/or treatment. The 
care provider module 214 can be configured to cause a display 
screen (e.g., a screen of the same device the user used to enter 
the symptoms) to show a list of the possible care provider(s). 
The list can include information regarding the care provider 
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(s) such as name, address, gender, phone number, affiliated 
hospital, any accepted insurance plans, website, and/or area 
of medical specialty. The care provider module 214 can be 
configured to provide access to outcomes for affiliated hos 
pitals and for physicians performing the potential treatments. 
The outcomes can be stored in the care provider database 314. 
The outcomes can be provided for review by, e.g., the patient, 
the patient’s family, the patient’s caregiver, the patient’s pri 
mary care physician, etc. The care provider module 214 can 
therefore assist patients in locating a medical practitioner 
near the patient and/or with particular skill related to the 
patient's possible diagnosis and/or possible treatment. 
(O155 Treatment Compliance Module 
0156 The treatment compliance module 216 can provide 
users of the system 10 with an interface for tracking patient 
compliance with a treatment plan. The treatment plan can be 
one of the Suggested treatment options suggested by the treat 
ment options module 212, can be one of the Suggested treat 
ment options suggested by the treatment options module 212 
as modified by a medical practitioner, or can be a treatment 
plan entered into the system 10 by a medical practitioner 
without assistance of the treatment options module 212. The 
treatment plan can be stored in the treatment database 312. 
The treatment compliance module 216 can thus allow moni 
toring and management of a patient’s treatment, which can 
help the patient's doctor evaluate the patient’s progress and/ 
or can help determine whether and when modifications to the 
treatment plan may be necessary, Such as by adjusting the 
treatment plan (e.g., changing dietary requirements, changing 
a frequency of doctor check-ups, etc.) or replacing the treat 
ment plan (e.g., a non-Surgical treatment) with another treat 
ment plan (e.g., a Surgical treatment). 
0157 Patients and users other than patients can submit 
data to the treatment compliance module 216 for storage in 
the treatment database 312. Data can therefore be received by 
the treatment compliance module 216 whether the patient is 
or is not in a medical setting and can be received throughout 
the patient's treatment, including times other than when the 
patient visits or consults a medical practitioner. More accu 
rate and more timely data regarding treatment plan compli 
ance can therefore be gathered and analyzed. 
0158 Patient compliance response to medicinal treat 
ments can be monitored, e.g., by a patient’s treating physi 
cian, by viewing compliance data stored in the treatment 
database 312, which can allow dose level changes to be made 
more readily by, e.g., the treating physician. Simple at-home 
diagnostic tools can be used to monitor components within 
blood, urine or other fluids. This at-home diagnostic tool 
information can allows the patient's physician to adjust 
medicinal dosages to the individual patient. The treating phy 
sician can change the dose of the medicine to the needs of the 
patient based upon the information tracked and recorded. 
Other at home tools can be additionally or alternatively moni 
tored; Such as results of self-administered ultrasound images, 
photographs of incision sites, microscopic photos of areas of 
concern, etc. These other at-home tools can be uploaded to the 
patient’s record in the treatment database 312, where the data 
can be accessed and reviewed by, e.g., the patient’s Surgeon. 
0159. Users can submit data to the treatment compliance 
module 216 similar to that discussed above regarding Sub 
mission of data to the diagnosis module 210. Non-limiting 
examples of compliance data that can be gathered by the 
treatment compliance module 216 include exercise per 
formed, medication taken, daily diet, physical therapy 
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attended/performed, physiological data Such as heart rate, 
patient geographic location, pain, neurologic tracking, bone 
alignment (e.g., spine curvature, etc.), and patient movement 
(e.g., mobility, gait, walking speed, flexibility, muscular 
strength, posture, range of motion, joint movement, etc.). The 
treatment compliance module 216 can be configured to 
accept manual entry of compliance data by a user, e.g., Sub 
mission of types and lengths of physical therapy, and to accept 
automatically gathered compliance data, e.g., Smartphone or 
bracelet location and movement tracking data. The treatment 
compliance module 216 can be configured to automatically 
gather data at predetermined time intervals, e.g., every sixty 
minutes, every twenty-four hours, every Sunday morning, 
etc., which can help allow for more accurate comparison of 
data gathered at different times and/or on different days. 
Additionally or alternatively, the treatment compliance mod 
ule 216 can be configured to automatically gather data upon 
detection of a trigger event, such as use of a pedometer, e.g., 
automatically gather pedometer data when the patient walkS/ 
runs so as to increase the pedometer's count. The treatment 
compliance module 216 can be configured to prompt a user 
for specific compliance data and/or prompt the user to enter 
compliance data at specific dates and/or times. The treatment 
compliance module 216 can be configured to allow for scan 
ning of medications taken and patient compliance data acqui 
sition at times correlated with medication intervals, e.g. 
directly before, one hour after, two hours after, four hours 
after, eight hours after, etc. 
(0160 The treatment compliance module 216 can be con 
figured to analyze received compliance data to determine a 
compliance level and/or a Success rate of the treatment overall 
and/or per symptom. The compliance level and/or the Success 
rate can help a medical practitioner and/or the treatment com 
pliance module 216 determine whether modification of a 
patient’s treatment plan is necessary. 
0161 The treatment compliance module 216 can be con 
figured to compare received treatment compliance data for a 
patient with historic compliance data for other patients who 
underwent similar treatment to help determine the effective 
ness of the treatment for the patient. The comparison can 
allow the treatment compliance module 216 to determine 
whether a patient is adequately following the treatment plan 
or is lagging behind historical benchmarks achieved by other 
patients undergoing the treatment. The comparison can also 
allow the treatment options module 212 to evaluate treatment 
options for future patients because if a treatment is histori 
cally shown to be problematic for any one or more reasons 
(e.g., difficulty in achieving patient compliance, slow 
progress in addressing symptoms, expensive, lack of insur 
ance payments, etc.) or shown to be particularly effective for 
any one or more reasons (e.g., patient mobility consistently 
increases, non-Surgical treatment usually not followed by 
Surgery, etc.), the treatment options module 212 can be more 
likely (for particularly effective treatments) or less likely (for 
problematic treatments) to recommend the treatment for 
future patients. 
0162 Because the treatment compliance module 216 can 
be configured to simultaneously and continuously receive 
information regarding multiple patients, the diagnosis and 
treatment module 200 can continually analyze received data 
to help determine efficacy of a particular patient’s treatment 
plan. The diagnosis and treatment module 200 can thus deter 
mine that a particular patient's treatment plan should be 
modified based on another set of patients data indicating low 
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or high effectiveness for a particular treatment aspect, Such as 
a specific exercise performed daily. In other words, the diag 
nosis and treatment module 200 can learn from other patients 
experiences that the present patient’s treatment could benefit 
from a modification, e.g., perform a specific exercise once 
every other day instead of once daily, cease performance of a 
particular exercise, decrease salt intake, wear a knee brace 
24/7 instead of only while sleeping, etc. The diagnosis and 
treatment module 200 can be configured to Suggest the modi 
fication of the patient’s treatment plan to the patient’s care 
provider, e.g., by providing an alert (e.g., email message, text 
message, instant message, phone call, etc.) to the care pro 
vider indicating that modification of the patient's treatment 
plan is recommended. The care provider can review the modi 
fication, e.g., by logging onto the system 10, and determine 
whether to modify the patient’s treatment plan. Alternatively, 
the diagnosis and treatment module 200 can be configured to 
automatically modify the patient's treatment plan and inform 
the patient via an alert as to the modified treatment plan. 
Usually, however, a care provider would review a modifica 
tion to check its appropriateness for the particular patient 
before the diagnosis and treatment module 200 automatically 
modifies the patient’s treatment plan and informs the patient 
of the change. 
0163 The treatment compliance module 216 can be con 
figured to provide feedback to the patient regarding their 
compliance, which can help ensure that a patient complies 
with the plan as much as possible and/or can help show the 
patient that the plan is effectively treating the symptom(s) or 
that the symptom(s) are not dissipating, in which case the 
patient can be prompted to contact their care provider for 
consultation. The compliance feedback can be provided in a 
variety of ways. Non-limiting examples of compliance feed 
back include a percentage indicating degree of compliance 
with all plan aspects; a model of bone alignment over time; a 
graph of mobility over time; connection with or comparison 
to other patients with similar symptoms, diagnoses, and treat 
ment plans as a way to compare progress and provide moti 
vation to the patient to comply with their treatment plan by 
being inspired by the progress of others in their peer group; 
etc. 

(0164 Pre-Op Module 
0.165. The pre-op module 202 can generally provide users 
of the system 10 with an interface for planning Surgery, e.g., 
doctors office pre-op planning, operating room (OR) pre-op 
planning, and patient pre-op planning. More particularly, the 
pre-op module 202 can allow Surgeons to electronically per 
form three-dimensional (3D) simulated surgeries on virtual 
models of patients to test Surgical ease and/or potential Sur 
gical outcomes before actually performing the Surgical pro 
cedure. The simulated Surgeries can include variations of the 
same Surgical procedure on a patient so as to try different 
Surgical instruments and/or different Surgical strategies. The 
pre-op module 202 can also facilitate logistical Surgical plan 
ning Such as equipment ordering and Supply, OR Scheduling, 
and personnel Scheduling. The pre-op module 202 can also 
facilitate the logistics of preparing the patient for Surgery, 
Such as by managing patient pre-op requirements and activi 
ties before and after the patient arrives at the hospital. In this 
way, the pre-op module 202 can be configured to assist pre-op 
planning and management through a continuum from a deci 
sion to pursue Surgery to the patient’s arrival at an OR for 
Surgery. In one embodiment, the pre-op module 202 can be 
implemented using one or more web pages which are config 
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ured to receive user input and present information to a user. In 
an exemplary embodiment, both patients and medical practi 
tioners can access at least a portion of the pre-op module 202. 
0166 The pre-op module 202 can include a surgical pro 
cedure module 218, an equipment management module 220, 
a scheduling module 222, and a patient preparation module 
224. Each of the modules 218, 220, 222, 224 is discussed 
further below in turn. 

0167 As mentioned above, the pre-op module 202 can be 
configured to read information from and to write information 
to the pre-op database 302. The pre-op database 302 can 
include a procedure database 316, an inventory database 317, 
and a catalog database 318. Various ones of the pre-op mod 
ule's component modules 218, 220, 222, 224 can be config 
ured to access one or more of the procedure database 316, the 
inventory database 317, the catalog database 318, and/or vari 
ous other databases, e.g., the diagnosis and treatment data 
base 300, the operation database 304, the post-op database 
306, and the recovery database 308. Each of the databases 
316, 317, 318 is discussed further below in connection with 
various ones of the pre-op module’s component modules 218, 
220, 222, 224. 
0168 Surgical Procedure Planning Module 
0169. The surgical procedure planning (SPP) module 218 
can provide users of the system 10 with an interface for 
electronically performing 3D simulated Surgeries. In an 
exemplary embodiment, only Surgeons authorized to perform 
surgery can access the SPP module 218. The procedure data 
base 316 can be configured to store a record of a performed 
simulated Surgery, e.g., a video of the simulated Surgery, an 
inventory of Surgical instruments used in the simulated Sur 
gery, statistics regarding the simulated Surgery (e.g., a total 
length of Surgery time, a length of a particular portion of the 
procedure, an amount and/or exact location of bone and/or 
Soft tissue removed from the virtual patient, etc.), annotations 
or notes added by the user performing the simulated Surgery, 
etc. The simulated surgery can therefore be used in the future 
for reference and/or analysis by the performer of the simu 
lated Surgery, by residents for training purposes, by staff 
involved with an actual Surgical procedure corresponding to 
the simulated surgery, and/or by other users of the system 10, 
Such as during and/or after performance of an actual Surgical 
procedure corresponding to the simulated Surgical procedure, 
as discussed further below regarding the operation module 
204 and the post-op module 206. 
(0170 The SPP module 218 can allow a user to select a 
Surgical procedure to simulate. The user can simulate any 
number of Surgical procedures, thereby allowing the user to 
experiment with procedures that the user may never have 
performed before or may only rarely perform. The procedure 
database 302 can include a collection of Surgical procedures 
from which the user can select the surgical procedure. The 
procedure database 302 can include data related to each of 
surgical procedures in the collection, which can allow the SPP 
module 218 to provide Suggestions and options to the user 
based on the user's selection of a particular Surgical proce 
dure. The SPP module 218 can be configured to recommend 
an optimized plan for the selected Surgical procedure. In an 
exemplary embodiment, the optimized plan can be provided 
to the user before commencement of the simulated Surgery 
and can be accessible by the user throughout performance of 
the simulated surgery. The SPP module 218 can be configured 
to develop the optimized plan based on a plurality of factors, 
e.g., data stored in the procedure database 316 (and/or in any 
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other database) regarding previously performed actual Surgi 
cal procedures and outcomes corresponding to the selected 
Surgical procedure performed by the user and/or other users, 
data regarding the patient on which the simulated Surgery will 
be actually performed, one or more goals identified by the 
user as being a Surgical outcome goal, etc. 
0171 By way of non-limiting example, the SPP module 
218 can be configured to provide a menu of Surgical instru 
ments to the user customized to the Surgical procedure 
selected by the user (e.g., a menu including Surgical instru 
ments used in actual Surgical procedures of a same type as the 
selected simulated procedure previously performed by the 
user and/or other users in the past), an estimated cost of the 
selected Surgical procedure based on previously performed 
actual Surgical procedures of a same type as the selected 
simulated procedure, one or more professional educational 
resources about the selected simulated Surgical procedure 
(e.g., links to external websites; an estimated costs of the 
selected Surgical procedure for each different equipment and/ 
or staff selection made by the user, links to manuals, videos, 
images, and/or other informational data stored in the catalog 
database 318; and identification of colleagues of the user 
(e.g., Surgeons working in the same hospital as the user) who 
have previously performed an actual Surgical procedure of a 
same type as the selected simulated procedure and are avail 
able for consultation; etc.); identification of Surgical Support 
staff associated with the user (e.g., staff working in the same 
hospital as the user) who have assisted with an actual Surgical 
procedure of a same type as the selected simulated procedure. 
Exemplary embodiments of providing educational Support to 
users are described in more detail in U.S. patent application 
Ser. No. 13/603,452 entitled “Systems And Methods For Sur 
gical Support And Management filed Sep. 5, 2012. 
(0172. The SPP module 218 can be configured to allow a 
user to save a selected list of Surgical instruments, implants, 
and/or auxiliary equipment including hardware (e.g., moni 
tors, scope, fluoro, etc.), and disposables (e.g., tubing, drapes, 
sensors, sharps, etc.) in the procedure database 316 that can 
be displayed to the user each time the user decides to perform 
a simulated Surgery of a selected type or of any type. In some 
embodiments, a selected list of Surgical instruments in the 
procedure database 316 can be saved for use by a plurality of 
users, e.g., users who all work at the same hospital, which can 
help ensure that only instruments actually available for use by 
Surgeons at the hospital are selected for use in a simulation. 
Any lists saved in the procedure database 316 can be modified 
or deleted at any time. 
0173 The SPP module 218 can be configured to suggest 
one or more alternates S for one or more selections by the user 
for use in the selected Surgical procedure. Using Surgical 
instruments as an example, the Suggested alternate(s) can be 
instrument(s) similar to the selected instrument as determined 
by previous correlations made between different surgical 
instruments, e.g., categorizing each Surgical instrument by 
type, size, which actual Surgical procedures the instrument 
was previously used in by the user and/or other users, etc. The 
Suggested alternate(s) may be previously unused or unknown 
to the user. The user can thus be informed of newly available 
instruments, of instruments that may make the procedure 
easier to perform, and of instruments that may be less costly 
than the selected instrument. The inventory database 317 can 
store data (e.g., a table) regarding a plurality of actual Surgical 
instruments available for use by the user in an actual Surgery. 
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The Suggested one or more alternate Surgical instruments can 
be based on the actual availability of instruments as indicated 
in the inventory database 317. 
0174 FIG. 8 illustrates an embodiment of a menu includ 
ing Surgical instruments and implants 36 used in actual Sur 
gical procedures of a same type as the selected simulated 
procedure that the SPP module 218 can display to a user38. 
A client terminal on which the menu is displayed and on 
which the simulated procedure can be performed by the user 
38 is shown in the illustrated embodiment as a tablet 40, but 
as mentioned above, any client terminal can be used to access 
the system 10. Each of the Surgical instruments and implants 
36 can be a 3D model of an actual surgical instrument avail 
able for use in an actual Surgical procedure. Information 
about each of the instruments and implants 36 can be shown 
on the display and/or available by selecting one of the instru 
ments and implants 36, e.g., by clicking on or hovering a 
selection tool over an instrument. The instrument information 
can be stored in the catalog database 318. Non-limiting 
examples of information about instruments, implants, and 
auxiliary equipment include cost, size, availability in the 
user's hospital inventory, manufacturer, indication as to 
whether the user previously used the instrument in a previous 
actual Surgical procedure, and whether additional views of 
the instrument are available. Although the menu is shown in 
FIG. 8 as a pictorial menu, the menu can be presented in any 
way, Such as all text, all pictorial, or a combination of text and 
images. Additionally, one or more informational resources, 
e.g., links to product brochures, links to educational videos of 
products in use, identification of previous Surgical procedure 
(s) using the menu item that were performed by the user, etc., 
can be provided for any one or more of the menu items. 
(0175. The SPP module 218 can be configured to model the 
patient on which the selected simulated Surgical procedure is 
to be performed. In other words, the SPP module 218 can be 
configured to create a virtual patient modeled on an actual 
patient. The virtual patient can be based on data stored in the 
system 10 (such as data regarding the actual patient stored in 
the diagnosis and treatment database 300, e.g., patient weight, 
X-ray images, CT images, MRI images, ultrasound images, 
BMI, genetic test results, visual images of the patient, etc.) 
and/or based on typical patient data stored in the system 10. 
The simulated Surgery can thus be performed on a model as 
close to the actual patient as possible, helping to allow the 
simulation to train the user as much as possible and helping to 
provide reliable outcomes of the surgery. 
0176 FIG. 9 illustrates an embodiment of a simulated 
Surgical procedure display 42. A vertebra is circled in the 
display 42 for ease of identification of a Surgical target 44. 
0177. A simulated surgical procedure display can include 
one or more user options configured to provide enhanced 
visualization of the procedure. Non-limiting examples of 
Such options include 3D (e.g., the user can choose 3D display 
and wear 3D glasses to properly see the 3D display), holo 
grams, and topographical maps. FIG. 10 illustrates an 
embodiment of a topographical mapping system 46 including 
a pin table 48 configured to facilitate visualization of 3D data 
on a 2D display device 50. The pin table 48 can include a 
plurality of pins 48a each configured to automatically adjust 
in height to show 3D databased on the 3D model of the patient 
in the SPP module 218, thereby allowing, e.g., visualization 
of the deformity and correction. The pins 48a can be covered 
in a flexible sheet to enhance visualization of the preopera 
tive, intra, and post operative 3D geometry. 
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0.178 The simulated surgery can allow the user to simulate 
the selected Surgical procedure from beginning to end. 
Aspects of the selected Surgical procedure that can be simu 
lated can include one or more of an access point on the patient, 
Surgical instruments used in the procedure, a path through 
and/or retraction of tissue and nervous structures, bone 
removal, Soft tissue removal, tissue and structure movement, 
correction, movement due to indirect decompression, and 
placement of all implants. The user can save the simulated 
procedures at various points throughout the simulation, 
which can allow the user to repeat aspects of the procedure 
more than once to perfect technique, to test performance of 
different surgical products, to test the suitability of different 
access points, and/or to achieve other goals. 
(0179 The SPP module 218 can be configured to analyze 
various aspects of the simulated Surgical procedure in real 
time with performance of the simulation. For non-limiting 
example, the SPP module 218 can be configured to monitor 
an amount of radiation the patient, Surgeon, and OR Staff 
could be exposed to during the Surgery and, optionally, tally a 
cumulative total radiation exposure for the patient including 
the simulated Surgery and actual prior radiation exposure as 
well as future predicted exposures. Monitoring radiation 
exposure can help encourage reduction of the patient’s radia 
tion exposure and help ensure that the patient is not exposed 
to radiation beyond an acceptable level within a certain period 
of time. For non-limiting example, the SPP module 218 can 
be configured to compare drug use during the simulated pro 
cedure with known allergies of the patient and with known 
drug interactions, thereby helping to reduce chances of drugs 
adversely affecting the patient during or after Surgery. For yet 
another non-limiting example, the SPP module 218 can be 
configured to perform predictive Volumetric modeling of soft 
tissue movement, stretch, removal (e.g., of a herniated disc), 
and change based on each step of the simulated procedure. 
The user can thus be able to see in real time with the simula 
tion how tissue and other structures will move based on each 
step of the procedure. During the simulated procedure, the 
SPP module 218 can be configured to use this predictive 
modeling to show where tissue and other structures are pre 
dicted to be, allowing for navigation around them. The SPP 
module simulation can utilize historical Surgical and litera 
ture data to predict neural responses and/or changes based 
upon a predicted amount of retraction and/or decompression 
preformed. When the simulation is complete, the SPP module 
218 can be configured to analyze the procedure for projected 
results, e.g., potential healing, potential increase in patient 
mobility after “X” amount of time, amount of correction, etc. 
The user can thus consult the projected results and decide 
whether to revise the surgery, such as if the projected results 
are less than the user would like and/or expect. 
0180. The SPP module 218 can facilitate the planning of 
revision Surgeries. Using a spinal Surgical procedure as an 
example, patient information regarding initial implant prod 
uct, position, bony ingrowth or ongrowth, etc. can be 
reviewed prior to surgery. The approach to remove the initial 
implant, the optimal sizing of the replacement implant, and 
the need for additional instrumentation (e.g., instrument set of 
the initial product or bone removal tools) can be incorporated 
in the Surgical plan for the implant revision. 
0181. When the user completes a simulated surgical pro 
cedure, the user can mark the procedure as being complete. 
Marking the simulation as being complete can signal to the 
SPP module 218 that pre-op planning by the system 10 for an 
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actual Surgical procedure corresponding to the simulated Sur 
gical procedure can begin. Throughout performance of the 
simulated surgical procedure, the SPP module 218 can allow 
the user to save progress of the simulation, but these saves can 
be marked as incomplete simulations in the procedure data 
base 316. The user can choose to perform a simulation all at 
once, or the user can save a partially complete simulation and 
resume the saved simulation at a later date/time. A user can 
choose to never complete a partially finished simulation. The 
SPP module 218 can be configured to incorporate historical 
patient growth data to further depict structural changes over 
patient’s lifetime. This incorporation can be especially help 
ful with patients having variable and changing anatomies, 
e.g., young Scoliosis patients with variable and changing cur 
vatures. Users of the system 10 can run a predicted life 
changes module to assess potential future changes and assist 
in planning and refining the Surgical procedure. 
0182. The SPP module 218 can be available to users inside 
and outside the OR. In other words, a user can perform a 
simulation using the SPP module 218 outside the OR, e.g., 
before Surgery is even scheduled, and/or inside the OR, e.g., 
as immediate prep before a scheduled surgery. FIG. 11 illus 
trates an embodiment of a user 52 accessing the system 10 in 
an OR via a client terminal in the form of a computer includ 
ing a processor (not shown), a display screen 54, and a key 
board 56. In the illustrated embodiment, the user 52 is simu 
lating performance of a spinal procedure, but as mentioned 
above, the system 10 can be used to simulate other types of 
Surgical procedures. 
0183 Equipment Management Module 
0184 The equipment management module 220 can pro 
vide users of the system 10 with an interface for managing 
equipment used in Surgery, such as Surgical implants and 
Surgical instruments. In an exemplary embodiment, only 
medical administrators (e.g., hospital inventory managers, 
etc.) and medical personnel (e.g., Surgeons authorized to per 
form Surgery, etc.) can access the equipment management 
module 220. 
0185. The equipment management module 220 can be 
configured to determine whether actual inventory as reflected 
in the inventory database 317 can meet the needs of actual 
Surgery based on the completed simulated Surgery (e.g., a 
simulation marked as complete). In alternative (e.g., if no 
simulated Surgery has been performed) or in addition to bas 
ing the determination on the completed simulated Surgery, the 
equipment management module 220 can be configured to 
determine whether actual inventory as reflected in the inven 
tory database 317 can meet the needs of actual surgery based 
on typical requirements for the selected Surgical procedure 
and/or on specific requirements input by a user for the Surgi 
cal procedure, e.g., a Surgeon’s preference to use medical 
devices manufactured by a specific company. The equipment 
management module 220 can be configured to compare Vir 
tual Surgical instruments used by a user in a completed simu 
lated Surgery with actual Surgical instruments available for 
use by the user in an actual Surgical procedure corresponding 
to the simulation. As mentioned above, the inventory database 
317 can store data regarding a plurality of actual Surgical 
instruments available for use in actual Surgeries. The equip 
ment management module 220 can determine whether each 
of the virtual Surgical instruments used in the completed 
simulated Surgery is available in actual inventory as indicated 
in the inventory database 317. The SPP module 218 can be 
configured to allow a user to indicate that one or more extra 
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Surgical instruments need to be available in an OR during 
performance of an actual Surgical procedure corresponding to 
a simulated Surgical procedure, e.g., an additional implant 
able screw, a plurality of additional Sutures, etc. The equip 
ment management module 220 can be configured to include 
these requested extra Surgical instruments in its determina 
tion of available actual inventory. 
0186 The equipment management module 220 can be 
configured to reserve actual Surgical instruments and actual 
auxiliary equipment in inventory for use in the actual Surgical 
procedure by marking the actual Surgical instruments corre 
sponding to the used virtual Surgical instruments, the actual 
auxiliary equipment corresponding to the used virtual auxil 
iary equipment, and the requested extra Surgical instruments 
as “reserved in the inventory database 317. Inventory avail 
able to the user, e.g., inventory of a hospital, can thus be kept 
up to date for upcoming Surgeries performed by the user and 
by any other medical professionals working from the same 
inventory as the user. 
0187. The equipment management module 220 can be 
configured to order actual Surgical instruments and auxiliary 
equipment (e.g., from a medical device distributor or a medi 
cal device company) for use in the actual Surgical procedure 
if the actual Surgical instruments or actual auxiliary equip 
ment are not available in inventory as indicated by the inven 
tory database 317. The equipment management module 220 
can be configured to order custom implants (e.g., from a 
medical device company) that are manufactured for use with 
a specific patient. Any pre-configuration of Surgical supplies 
Such as Surgical instruments (e.g., contouring of spinal rods in 
accordance with the pre-op plan) and graft material (e.g., 
Volume and type of a specific graft material) can be ordered 
by the equipment management module 220. As will be appre 
ciated by a person skilled in the art, custom implants can be 
designed and ordered in a variety of ways. For non-limiting 
example, methods and apparatuses for customizing an inter 
Vertebral implant including an initial step of obtaining a 3D 
anatomy are described in further detail in U.S. application 
Ser. No. 11/150, 468 (published as U.S. Pat. Pub. No. 2006/ 
0282020) entitled “Customizing An Intervertebral Implant” 
filed Jun. 13, 2005. Generally, pre-op 3D anatomy of a patient 
can be obtained in a variety of ways, e.g., using a CT scanning 
machine, and can be stored in the system 10, e.g., in the 
diagnosis database 310 as discussed further below. The 3D 
image(s), e.g., a plurality of images from different angles, can 
be subsequently evaluated at any time by a Surgeon or other 
medical staff to determine an appropriate custom implant for 
the patient, which can then be ordered for availability during 
Surgery. 
0188 The equipment management module 220 can also 
be configured to track the status of open orders for actual 
Surgical instruments, for custom implants, and for pre-con 
figuration. The equipment management module 220 can thus 
help ensure that instruments are available when needed for 
Surgery and that Surgery need not be rescheduled and/or 
delayed merely due to Surgical tools being unavailable. 
Exemplary embodiments of ordering and managing inven 
tory are described in more detail in U.S. patent application 
Ser. No. 13/603,452 entitled “Systems And Methods For Sur 
gical Support And Management filed Sep. 5, 2012. 
(0189 Scheduling Module 
0190. The scheduling module 222 can provide users of the 
system 10 with an interface for managing personnel (e.g., 
Surgical Support staff, sales representatives, etc.) and hospital 



US 2014/008 1659 A1 

space used in relation to the Surgery (e.g., an OR, a patient 
prep room, a patient hospital recovery room, etc.). In an 
exemplary embodiment, only medical administrators (e.g., 
hospital inventory managers, etc.) and medical personnel 
(e.g., Surgeons authorized to perform Surgery, etc.) can access 
the scheduling module 222. 
0191 The scheduling module 222 can be configured to 
determine whether available personnel and available hospital 
space as reflected in the inventory database 317 can meet the 
needs of actual Surgery based on the completed simulated 
Surgery (e.g., a simulation marked as complete). In alternative 
(e.g., if no simulated Surgery has been performed) or in addi 
tion to basing the determination on the completed simulated 
Surgery, the scheduling module 222 can be configured to 
determine whether actual inventory as reflected in the inven 
tory database 317 can meet the needs of actual surgery based 
on typical requirements for the selected Surgical procedure 
and/or on specific requirements input by a user for the Surgi 
cal procedure, e.g., a Surgeon’s preference to work with spe 
cific Support personnel. The scheduling module 222 can be 
configured to determine if available inventory has been auto 
claved and sterile. The scheduling module 222 can determine 
whether each of the hospital rooms needed for the surgery 
(e.g., an OR, a prep room, a patient recovery room, etc.) are 
available in actual inventory as indicated in the inventory 
database 317, and/or the scheduling module 222 can deter 
mine whether each of the surgical staff members needed for 
the Surgery (e.g., a sales representative, an anesthesiologist, 
etc.) are available in actual inventory as indicated in the 
inventory database 317. The SPP module 218 can be config 
ured to allow a user to indicate specific hospital space and/or 
personnel preferences for performance of an actual Surgical 
procedure. The scheduling module 222 can be configured to 
include these specific preferences in its determination of 
available actual inventory. The SPP module 218 can be con 
figured to store a user's preferences so the user does not have 
to repeatedly enter the same preferences. 
0.192 The scheduling module 222 can be configured to 
reserve one or more hospital spaces (e.g., rooms) for use in the 
actual Surgical procedure by marking the hospital spaces as 
“reserved for a specific date and time in the inventory data 
base 317. Similarly, the scheduling module 222 can be con 
figured to schedule one or more medical staff members to be 
present for the actual Surgical procedure by marking the one 
or more medical staff members schedule (e.g., in one or more 
electronic calendars accessible to the medical staff members) 
as being “reserved for a specific date and time in the inven 
tory database 317. Hospital space and personnel available to 
the user can thus be kept up to date for upcoming Surgeries 
performed by the user and by any other medical professionals 
working from the same hospital space and/or personnel pool 
as the user. 
0193 Exemplary embodiments of scheduling personnel 
and hospital space are described in more detail in U.S. patent 
application Ser. No. 13/603,452 entitled “Systems And Meth 
ods For Surgical Support And Management filed Sep. 5, 
2012. 

(0194 Patient Preparation Module 
0.195 The patient preparation module 224 can provide 
users of the system 10 with an interface for preparingapatient 
for a scheduled Surgical procedure. The patient preparation 
module 224 can prepare the patient through a continuum of 
at-home patient preparation to arrival at the OR for the sur 
gical procedure. In this way, the patient preparation module 
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224 can help the patient prepare at home for the Surgery so the 
patient is more likely to arrive at the hospital on time and with 
any necessary pre-Surgery requirements met, and can help 
ensure that the patient is appropriately prepared for the Sur 
gery while at the hospital prior to the patient’s arrival at the 
OR. 

0196. The patient preparation module 224 can be config 
ured to provide at-home, pre-surgery patient preparation to a 
user, e.g., to a patient scheduled for Surgery. In an exemplary 
embodiment, the patient preparation module 224 can be con 
figured to provide at least one reminder to the user regarding 
any pre-Surgery requirements, such as a start day and time for 
fasting, day(s) and time(s) to ingest particular medication(s), 
day and time to arrive at the hospital, any preoperative blood 
test which must be completed, bodily samples taken, etc. The 
reminder(s) can be provided to the user in any number of 
ways, as will be appreciated by a person skilled in the art, Such 
as by email, phone call, a mobile device app, etc. The patient 
preparation module 224 can be configured to allow the user to 
select one or more modes of reminder delivery. In an exem 
plary embodiment, the system 10 can prompt the user to 
select one or more modes of reminder delivery when the user 
initially establishes an account with the system 10, such as by 
prompting the user to enter at least one of an email address, a 
home phone number, a mobile phone number, an instant 
message account, etc. to which the system 10 can provide 
reminders, notifications, alerts, etc. If the user used the sys 
tem 10 during treatment, the user can receive Surgery prep 
reminders in the same way the user received treatment 
reminders, e.g., alerts from the treatment compliance module 
216. In this way, by the time the user is preparing for a 
scheduled surgery, use of the system 10 can be familiar to the 
user, which can help ease the stress of Surgery and help ensure 
that the patient is appropriately informed and reminded of any 
necessary pre-Surgery procedures to be undertaken by the 
patient when medical personnel may not necessarily be with 
the patient to provide guidance. 
0197) The patient preparation module 224 can be config 
ured to provide pre-Surgery patient Support by monitoring a 
patient scheduled for Surgery from when the patient arrives at 
the hospital to when the patient arrives at the OR for the 
Surgery. In an exemplary embodiment, the patient preparation 
module 224 can be configured to monitor the patient. The 
patient can be monitored in a variety of ways, such as by a 
Smart chip embedded in a bracelet, necklace, gown, ID tag, 
etc. that the patient can wear. The patient preparation module 
224 can be configured to monitor the patient's vital signs, 
location in the hospital, and status. This monitored informa 
tion can allow the patient preparation module 224 to, e.g., 
trigger preparation of a room for the patient (e.g., using the 
patient’s current location to trigger preparation of a next room 
for the patient), to alert medical personnel if the patient 
requires immediate attention (e.g., due to change in vital 
signs), and to allow for Scheduling and/or inventory adjust 
ments in the inventory database 317 if the patient’s surgery is 
determined to be delayed based on the patient’s presence in a 
certain location a certain amount of time before a scheduled 
Surgery start time. This monitored information can allow the 
patient preparation module 224 to perform an automated 
pre-op check to ensure that the Surgery to be performed 
matches the planned Surgery, e.g., Surgery on the correct side 
or correct spinal level(s). The monitoring performed by the 
patient preparation module 224 can be continued intra-opera 
tively as needed to record vital signs, and can be combined 
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with a multitude of other monitors that are conventionally 
used in an OR. All of these outputs can be collected by the 
operation database 304 of the system 10 throughout the pro 
cedure in order to be added to the patient’s record for inclu 
sion in analysis. 
(0198 Operation Module 
0199 The operation module 204 can generally provide 
users of the system 10 with an interface for enhancing per 
formance of a Surgical procedure in an OR (or other location) 
and for gathering data for future analysis. More particularly, 
the operation module 204 can allow surgeons to consult a 3D 
simulated Surgery performed and saved via the pre-op module 
202, which can help an actual Surgical procedure efficiently 
and effectively achieve predetermined outcomes. The opera 
tion module 204 can provide feedback regarding perfor 
mance of the actual Surgical procedure versus the previous 
simulated Surgical procedure during performance of the 
actual Surgical procedure, which can allow for mid-course 
corrections and/or can help inform Surgical staff of their Sur 
gical duties. The operation module 204 can also provide 
informational materials during performance of the Surgical 
procedure. Such as instrument use manuals or videos, which 
can help ensure that the Surgical procedure is performed 
properly. The operation module 204 can also track various 
aspects of the Surgical procedure, e.g., instrument use, per 
Sonnel activity, patient radiation exposure without the patient 
having to wear a radiation monitoring device such as a dosim 
eter. patient vital signs, etc., which can allow for mid-course 
corrections, help inform surgical staff of their surgical duties, 
and/or facilitate post-op analysis of the Surgical procedure by 
the post-op module 206, as discussed further below. The 
information tracked by the operation module 204 can also be 
used by the system 10, e.g., by the recovery module 208, to 
facilitate patient recovery and continued treatment post-sur 
gery, as discussed further below. The information tracked by 
the operation module 204 can also be used by the system 10, 
e.g., by the diagnosis and treatment module 200 and/or the 
pre-op module 202, in recommending and/or planning future 
Surgeries involving the patient and/or other patients in cir 
cumstances similar to the patient on which the Surgical pro 
cedure was performed. In this way, the system 10 can become 
Smarter over time in various ways, such as by analyzing and 
recommending effective treatments in view of historical Sur 
gical outcomes, by providing recommended Surgical strate 
gies in view of a particular Surgeon’s historical performance 
in certain types of Surgeries and/or with certain types of 
Surgical instruments, and/or by providing recommended Sur 
gical strategies in view of multiple different Surgeons his 
torical performance in certain types of Surgeries and/or with 
certain types of Surgical instruments. 
0200. In one embodiment, the operation module 204 can 
be implemented using one or more web pages which are 
configured to receive user input and present information to a 
user. In an exemplary embodiment, medical practitioners can 
access at least a portion of the operation module 204 while 
patients cannot access the operation module 204 at all. 
0201 The operation module 204 can include a plan track 
ing module 226, a procedure analysis module 230, an educa 
tion module 228, an equipment tracking module 232, an OR 
analysis module 234, and a personnel tracking module 236. 
Each of the modules 226, 228230, 232,234, 236 is discussed 
further below in turn. 

0202 As mentioned above, the operation module 204 can 
be configured to read information from and to write informa 
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tion to the operation database 304. The operation database 
304 can include a products and procedures database 320, an 
OR database 322, an equipment database 324, and an ethnog 
raphy database 326. Various ones of the operation modules 
component modules 226, 228 230, 232, 234, 236 can be 
configured to access one or more of the products and proce 
dures database 320, the OR database 322, the equipment 
database 324, the ethnography database 326, and/or various 
other databases, e.g., the diagnosis and treatment database 
300, the pre-op database 302, the post-op database 306, and 
the recovery database 308. Each of the databases 320, 322. 
324, 326 is discussed further below in connection with vari 
ous ones of the pre-op module’s component modules 226, 
228 230, 232, 234, 236. 
0203. In an exemplary embodiment, an OR has a single 
user interface configured to display information from the 
system 10 for consultation during a Surgical procedure per 
formed in the OR. The user interface can be located in the OR, 
or can be in a nearby area visible from the OR. FIG. 12 
illustrates an embodiment of an OR setting in which the 
system 10 can be accessed via a client terminal in the form of 
a computer including a processor (not shown), a display 
screen 58, and a keyboard 60. In the illustrated embodiment, 
a Surgeon 62 and medical Support personnel 64 can all view 
the display screen 58, which can help all OR personnel track 
the procedure, be better informed of their duties, and help 
quickly notice any anomalies. FIG. 13 illustrates another 
embodiment of an OR setting in which the system 10 can be 
accessed via a client terminal in the form of a computer 
including a processor (not shown) and a display screen 66 
located at a position easily seen from all or nearly all positions 
within the OR by a surgeon 68 and medical support personnel 
T0. 

0204 Various types of data gathered and/or analyzed by 
the system 10 can be displayed on a user interface and/or 
otherwise made available to medical personnel in the OR, 
Such as by other visual indicator (e.g., by blinking light on a 
Surgical instrument, etc.), motion (e.g., by vibration of a 
Surgical instrument, etc.), or Sound (e.g., by audio beep from 
a speaker in communication with the system 10, etc.). By 
providing non-auditory feedback alone or in combination 
with visual feedback, the feedback can be less likely to be lost 
or overlooked in a noisy OR environment. 
0205 FIGS. 14-16 illustrate embodiments of various 
types of data that can be selectively displayed on a user 
interface accessible in the OR. FIG. 14 illustrates a user 
interface 76 showing data indicating a progress of the Surgery 
as gathered by the system 10 including a running total case 
time (e.g., a continually updated time length of the Surgery), 
a total amount of patient blood loss, and a running total 
amount of spinal disc removal (e.g., a continually updated 
amount of spinal disc removed from the patient during the 
Surgery). The progress data can help the Surgery stay on 
schedule, help ensure safety of the patient (e.g., by consider 
ing whether the patient’s blood loss reaches an unsafe level), 
and help the Surgery meet its goals (e.g., by considering 
whether a desired amount of tissue is removed from the 
patient). Other, non-limiting examples of data indicating a 
progress of the Surgery as gathered by the system 10 include 
an amount of bone removed from the patient, an amount of 
tissue and/or bone needed to be removed for graft (e.g., as 
indicated in a pre-op plan), endplate preparation (e.g., 
through endoscopic view and/or Smart tools), implant place 
ment (e.g., computer guided rod contouring in-situ), an 
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amount of correction achieved, and pain/health of nerves. 
FIG. 15 illustrates a user interface 78 showing data indicating 
patient information, thereby helping to ensure patient safety. 
The patient information includes patient vital signs in the 
illustrated embodiment. Other, non-limiting examples of 
patient information that the system 10 can be configured to 
display in the OR include pre-op patient images (e.g., X-rays, 
CT scans, etc.). FIG.16 illustrates a user interface 80 showing 
instrument information in the form of a list of instruments 
used in the Surgical procedure and a running total amount of 
time each of the instruments has been used in the Surgical 
procedure. Other, non-limiting examples of instrument infor 
mation that the system 10 can be configured to display in the 
OR include camera views of one or more instruments, instru 
ment navigation, and instrument specifications and/or manu 
als stored in the equipment database 324. The system 10 can 
be configured to display other types of information in the OR, 
Such as education materials, as discussed further below with 
respect to the education module 228. 
0206. Although the illustrated embodiments of FIGS. 12 
and 13 each include only one display for the system 10 in an 
OR, any number of displays for the system 10 can be provided 
in an OR. Providing a plurality of displays can allow more 
information to be easily accessible to medical personnel in 
the ORatany given time, can help focus medical personnel by 
allowing for different medical personnel to have dedicated 
displays providing information most useful for their particu 
lar job, and/or can reduce Surgeon fatigue by allowing the 
Surgeon to position themselves differently than if the displays 
were not available. Additionally, any one or more displays for 
the system 10 in the OR can be configured to display a 
plurality of views, e.g., have picture-in-picture capability 
(e.g., two different camera angles of the same Surgical site) 
and/or provide overlays of data (e.g., overlaid tissue layers 
that can be peeled away one or more at a time to expose 
underlying layer(s)). 
0207. The system 10 can be configured to allow different 
data displays to be accessed on demand in the OR, e.g., a data 
display of a saved simulation plan and/or a comparison of a 
saved simulation with the actual procedure being performed, 
patient vital sign data, Surgical procedure metrics, etc. In an 
exemplary embodiment, the system 10 can be configured to 
project digital keys (e.g., a keypad projected on or near the 
patient including keys) configured to be tapped to change 
display on the user interface and/or effect other system con 
trols such as requesting that a specific medical staff member 
be paged to the OR, requesting an instrument from an instru 
ment tray, rewind a simulation shown on a display, etc. 
0208 FIG. 17A illustrates an embodiment of a projection 
system configured to facilitate projection onto an irregular 
screen Surface Such as on a patient in the OR or on another 
irregular Surface Such as an instrument tray or a drape. The 
projection system can include a plurality of projectors 136 
configured to project an image onto an irregular screen Sur 
face 138. Each of the projectors 136 can be configured to be 
in communication with a CPU (not shown) of the system 10 
So as to be configured to transmit information to and receive 
information from the CPU. The CPU can be in communica 
tion with at least one cloud server of the system 10 such that 
the CPU and/or a processor in communication with the cloud 
server(s) can perform data processing. Other CPUs discussed 
herein can be similarly configured to communicate with 
cloud server(s). Each of the projectors 136 in the illustrated 
embodiment is identical to one another, although projectors 
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in the system can vary from one another. FIG. 17B illustrates 
one of the projectors 136 in closer detail. The projector 136 
can include an RGB projector 136a configured to project 
RGB images, an IR sensor 136b configured to sense infrared 
signals, and an IR projector (dot and rectangle) 136c config 
ured to project infrared images. Using IR can allow the pro 
jectors 136 to constantly align with one another and track the 
Surface 138, which can allow for constant updating and good 
quality projection. Single viewer perspective tracking the 
surface 138 can allow for sub-surface projection allusions. 
The dot projection of the IR projector 136c can be used for 
Surface mapping, and the rectangle projection of the IR pro 
jector 136c can be used for multi-projection overlap seaming. 
All of the projectors 136 can be synchronized to be in rect 
angle projection mode at once and then each take a turn in dot 
mode for surface mapping. The CPU can be configured to 
control the rectangle and dot modes of the projectors 136. 
0209. In another exemplary embodiment, the system 10 
can be configured to allow selective switching between the 
different displays via no-touch controls. In this way, medical 
personnel can quickly receive data without compromising 
sterility and without having to change their position relative 
to the patient and without having to free their hands from 
instrument(s) and/or other Surgical duties. No-touch controls 
can be similarly used for other system instructions, e.g., begin 
projection of digital keyboard, requesting that a specific 
medical staff member be paged to the OR, requesting an 
instrument from an instrument tray, rewind a simulation 
shown on a display, etc. Non-limiting examples of no-touch 
controls include motion sensing (e.g., Swiping a hand in the 
air mimicking a page turn to cause a next display screen to be 
displayed on the user interface as if turning a page in a book), 
eye movement tracking (e.g. looking at a specific location or 
combination of locations in the spatial field either alone), 
Voice recognition (e.g., speaking a certain key term or key 
phrase to cause a certain display to be shown on the user 
interface), and direct brain interface (e.g., via electroencepha 
lography (EEG) sensors and event related potential ERP tech 
niques including but not limited to use of P300, slow cortical 
response, and neural network based training methods). No 
touch controls can also be used in any combination, e.g., 
looking at a specific location in a spatial field room and 
speaking a specific activation word. A specific activating 
location in the visual field can be dynamic and part of a 
computer controlled display device. 
0210 FIG. 18 illustrates an embodiment of a motion sens 
ing system configured to allow no-touch control of the system 
10. The motion sensing system can include a projector 82 and 
an infrared (IR) and RGB camera 84 configured to gather data 
related to movement of a person in the OR. The gathered data 
can be transmitted to a central processing unit (CPU) 86 that 
is part of the system 10, the CPU 86 being configured to 
analyze the received data to determine if display on a user 
interface. Such as a data board 83, should change. The data 
board 83 can include a flat surface that can be tracked for 
position by the camera 84, and can have selected images 
displayed on the surface thereof. The user can touch the 
projection on the data board 83 of a virtual input device, such 
as a button, to which the system can respond as having read 
the user's finger motion, position, and projected image as a 
command. The no-touch controls can facilitate communica 
tion of orders from a surgeon to OR staff. In the illustrated 
embodiment, the CPU 86 can be coupled to a laser pointer 87 
configured to communicate orders to OR staff by directing 
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OR staff to a specific needed instrument from among a plu 
rality of instruments on a tray 89 by laser pointing to the 
needed instrument. The laser pointer 87 can be coupled to a 
movement mechanism, e.g., a rotation mount 85, configured 
to move in response to instructions received from the CPU86, 
e.g., instructions to rotate a certain amount in a certain direc 
tion to cause the laser pointer 87 to point to the needed 
instrument on the tray 89. The laser pointer 87 can include a 
camera (not shown) configured to provide visual confirma 
tion on the user interface that the laser pointer 87 has pointed 
to the needed instrument, which can allow the user providing 
the instruction to visually confirm the instruction. 
0211 FIG. 19 illustrates an embodiment of a direct brain 
interface system, such as the EPOC Neuroheadset (available 
from Emotiv Systems of San Francisco, Calif.), configured to 
allow no-touch control of the system 10. The direct brain 
interface system can include a plurality of EEG sensors 88 
configured to be position on a head of a user 90, e.g., a 
surgeon. The EEG sensors 88 can be configured to transmit 
data to a CPU92 that is part of the system 10, the CPU92 
being configured to analyze the received data to determine if 
display on a user interface 94 should change. Additionally or 
alternatively, the CPU 92 can be configured to analyze the 
received data to determine if one or more pieces of OR equip 
ment 96 (e.g., Surgical tools, lights, tables, etc.) need adjust 
ment and, if so, to cause such adjustment to occur (e.g., dim a 
light, turn on a light, Zoom in a camera, adjust table height, 
etc.). OR equipment can be connected to the direct brain 
interface System by a programmable processor, Such as an 
Arduino. 

0212 FIG. 20 illustrates an embodiment of a no-touch 
data communication system configured to provide informa 
tion hands-free to a user 140 of the system 10. The no-touch 
data communication system can be configured to allow the 
user 140 to control receipt of information from the system 10 
through movement. In other words, the system 10 can trans 
mit different information to the user 140 based on the move 
ment of the user 140. Additionally, the no-touch data com 
munication system can be configured for single-person use so 
as to allow the selected information to be transmitted 
uniquely to the user 140 such that one or more other users of 
the system 10 in the OR can have their own no-touch data 
communication system, which can allow each user to select 
the information that would be most helpful for their particular 
task at hand. The no-touch data communication system can, 
however, be configured to transmit the same information to a 
plurality of users based on movement control of the one user 
140. The no-touch data communication system can include a 
transparent lens head mounted display 142 configured to be 
mounted on ahead of the user 140. The transparent lens head 
mounted display 142 can be equipped with orientation track 
ing Such that when the transparent lens head mounted display 
142 is mounted on the head of the user 140, the user's head 
movements can control which information is displayed to the 
user 140. The transparent lens head mounted display 142 can 
be configured to communicate with a CPU 144 of the system 
10, thereby allowing the information displayed by the trans 
parent lens head mounted display 142 to be up to date in real 
time. In an exemplary embodiment, the motion of the user's 
head, e.g., turning and/or raising of the head, can allow the 
user 140 to see different data in different spherical Zones 146. 
Each of the spherical Zones 146 can display a different type of 
data, e.g., information regarding OR equipment, pre-op data, 
patient vital signs, informational feed regarding Surgical 
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steps, visualization of the Surgical site with tissue layer(s) 
overlay, etc. In another embodiment, the motion of the user's 
head, e.g., turning and/or raising of the head, can cause the 
CPU 144 to cause projection of different data onto the patient 
and/or other surface. 

0213 Plan Tracking Module 
0214. The plan tracking module 226 can provide users of 
the system 10 with an interface for tracking progress of an 
actual Surgical procedure in a Surgical setting, e.g., in an OR. 
The progress of an actual Surgical procedure can be tracked 
against a typical performance of the Surgical procedure stored 
in the products and procedures database 320 and/or tracked 
against a 3D simulated Surgery performed via the pre-op 
module 202 and saved in the procedure database 316. The 
typical performance of the Surgical procedure can be pre 
programmed, e.g., a saved demonstration version of the Sur 
gical procedure performed under laboratory or test condi 
tions, or the typical performance of the Surgical procedure can 
be aggregated from previous actual performances of the Sur 
gical procedure tracked by the system 10 and stored in the 
products and procedures database 320. The previous actual 
performances of the Surgical procedure can be by a specific 
Surgeon (e.g., the Surgeon performing the actual Surgical pro 
cedure), by Surgeons at a specific hospital (e.g., the same 
hospital as where the actual Surgical procedure is being per 
formed), or by Surgeons at multiple hospitals registered with 
the system 10. In an exemplary embodiment, the progress of 
an actual Surgical procedure can be tracked against a 3D 
simulated Surgery performed via the pre-op module 202 and 
can be saved in the procedure database 316 to allow the 
Surgeon performing the procedure to follow previously-made 
decisions regarding the Surgery, e.g., timing of the proce 
dure's steps, medical devices used in the procedure, amount 
of patient tissue to remove, etc., since, as discussed above, the 
Surgeon performing the actual Surgical procedure can elec 
tronically simulate the Surgery using the system 10. The sys 
tem 10 can allow a user to pull up a simulation saved in the 
procedure database 316, thereby allowing the simulation to 
be visible and/or accessible in an OR. 

0215. The plan tracking module 226 can be configured to 
assist with Surgical setup of a patient and one or more instru 
ments to be used in Surgery on the patient. The plan tracking 
module 226 can be configured to facilitate positioning of a 
patient for Surgery. Because a patients inner anatomy does 
not always align with spatial references of an operating room 
(or other area in which Surgery is performed), and usually 
does not so align, it can be difficult for Surgical staff to align 
the patient in a desirable position relative to the Surgeon for 
performance of a specific Surgical procedure. Numerous 
angles and asymmetries of the patients inner anatomy, which 
differ between different patients, can result in lengthy pre 
Surgery evaluation of a specific patients inner anatomy using 
techniques such as X-ray, fluoroscopy C-arm, and MRI, 
lengthy pre-surgery planning for the patient’s position during 
Surgery based on the evaluation, and lengthy manual posi 
tioning of the patient in the operating room (or other Surgical 
area) based on the pre-surgery plan. Hidden anatomical struc 
tures, such as spinal elements, cannot be easily seen in an 
orthogonal sense as there are no cornerstones to align or 
columns to true. Repeated X-rays, and hence repeated radia 
tion exposure, and/or invasive dissections are often tradition 
ally needed to establisha frame of reference for a surgical task 
to use as its substructure during Surgery. Traditional align 
ment using a gravity vector reference using robotics and 
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image guidance are expensive, time consuming, and require 
steep learning curves and/or specialized user operators. Addi 
tionally, although apparatuses exist that can be used by Sur 
gical staff to assist in positioning a patient, these apparatuses 
are traditionally complicated and require a high level of user 
involvement. The plan tracking module 226 can be config 
ured to automate patient positioning, which can reduce com 
plexity of patient processing, reduce chances of Surgical 
instruments being advanced into a patient at an unsafe and/or 
undesired trajectory, improve access to a Surgical site by 
optimizing a patient's position, save time over manual patient 
adjustment, and/or reduce an amount of pre-surgery radiation 
and/or invasive pre-Surgery dissections to determine proper 
patient positioning. Positioning the patient using the plan 
tracking module 226 can thus provide enhanced safety, 
enhanced ergonomics, and unfettered patient positioning 
with enhanced patient comfort, pressure relief, and Surgical 
staff ease of use. 

0216 For some Surgical procedures, such as spinal Surger 
ies in which a trajectory of lateral approach can be very 
precisely determined so as to access a target vertebra while 
avoiding nerve damage, a patient's position can be of particu 
lar importance to the Surgery's duration and ultimate Success. 
During lateral interbody Surgery, for non-limiting example, it 
can be advantageous to align a representative plane of a 
superior endplate of a patient’s inferior vertebra to vertical 
plumb, and it can be advantageous to align a mid frontal plane 
of the patients interbody space to vertical plumb. In other 
words, it can be advantageous to position a center of the 
patient’s vertebral disc, as well as endplates of the vertebrae, 
straight down from a perspective of a Surgeon performing the 
Surgery. Implantation of one or more percutaneous screws 
while a patient remains in a lateral position is a non-limiting 
example of a spinal Surgical procedure in which precise 
patient positioning is important. Lining up a patient’s pedicle 
160 for direct horizontal pedicle screw placement can be at 
about a 30° rotation, as shown in FIGS. 29A and 29B. FIG. 
29B shows the pedicle 160 in an initial position, e.g., at 30°. 
on the left, and in a rotated position, e.g., at 0° (horizontal), on 
the right. 
0217. The plan tracking module 226 can be configured to 
match the patient's position with a pre-Surgery plan, e.g., a 
plan indicated in a saved simulated Surgery or a plan for a 
typical procedure of a same type as the Surgery being per 
formed. The matching can be achieved in a variety of ways, 
Such as through patient mapping/registration and/or through 
Video tutorials. In an exemplary embodiment, the plan track 
ing module 226 can be configured to begin patient positioning 
assistance with a video tutorial saved in the products and 
procedures database 320. The patient positioning assistance 
can continue using positioning/navigation technology, e.g., 
Microsoft Kinect, that can track actual position of the patient 
Versus the pre-surgery plan. As the patient is moved, the plan 
tracking module 226 can be configured to compare the 
patient’s actual position to images of the patient and to the 
pre-surgery plan and can be configured to provide feedback 
on how to move the patient to the properposition as defined in 
the pre-op plan. The images of the patient can include previ 
ously gathered images, e.g., fluoroscopy, MRI, or CT images 
stored in the diagnosis database 310, and/or images gathered 
in real-time with the positioning, e.g., skin Surface mapping, 
fluoroscopy, ultrasound, or intraoperative CT images. The 
patient can be imaged throughout the procedure in real time to 
help ensure that the patient is properly positioned during the 
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procedure. Because the system 10 can help the patient be 
properly positioned according to Surgeon instructions as indi 
cated in the saved simulation, the Surgeon need not necessar 
ily be present in the OR when the patient is positioned by one 
or more medical personnel. The positioning time can be 
tracked by the plan tracking module 226 and can be recorded 
by the product and procedures database 320, which can help 
show improvements in efficiency over time and/or after addi 
tional training of OR staff. 
0218 FIG. 21 illustrates an embodiment of a visual posi 
tion and orientation tracking system configured to gather real 
time images of a patient in an OR. The illustrated system 
includes a fluoroscopy system, but as will be appreciated by a 
person skilled in the art, other visual position and orientation 
tracking systems can be used. The system can include one or 
more augmented reality markers 72 configured to be recog 
nized by an RGB (red, green, and blue) or RGB-D (red, green, 
and blue plus depth) camera 74. The marker(s) 72 can be 
positioned on and/or near the patient to track position of the 
patient and fluoroscopy frame. The camera 74 can be config 
ured to communicate with a CPU 75 of the system 10, which 
can cause image(s) gathered by the camera 74 to be displayed 
on a display 73. 
0219. The plan tracking module 226 can be configured to 
continually provide feedback to the one or more medical 
personnel positioning the patient, such as instruction as to 
how much to move a patient in a certain direction and an 
indication when the patient is in a position matching the 
pre-surgery plan, which can help ensure that the patient is 
properly positioned in the OR prior to start of the surgery. 
Because the system 10 can allow electronic tracking and 
positioning of patients, numerous different patient positions 
can be accommodated, such as more traditional recumbent 
positions and less traditional standing positions. 
0220. In another exemplary embodiment, the plan track 
ing module 226 can be configured to facilitate patient posi 
tioning using automated bed movement. A person skilled in 
the art will appreciate that movement of a “bed' discussed 
herein includes movement of any operating Surface on which 
a patient can be positioned for Surgery, such as a table, a 
platform, etc., and is not necessarily a traditional bed. The 
plan tracking module 226 can be configured to cause transla 
tion and/or rotation of the bed, with the patient thereon, to 
position the patient in a desired position for surgery. FIG. 30 
illustrates an embodiment of a patient 156 on a bed 158 at 
desired L2-L3, L3-L4, and L4-L5 angles, shown with arrows, 
as positioned using the plan tracking module 226. As shown, 
the bed 158 can include a plurality of discrete sections each 
configured to move relative to the other discrete sections, 
which can allow for more precise positioning of various por 
tions of the patient 156 on the bed 158. 
0221) The plan tracking module 226 can be configured to 
cause the bed translation and/or rotation in a variety of ways. 
In an exemplary embodiment, X-Y-Z axis data for the bed can 
be transmitted to the system 10, and the plan tracking module 
226 can be configured to use the received X-Y-Z data to 
determine an amount and direction of movement for the bed 
to position the patient thereon in a desired position for Sur 
gery. The X-Y-Z axis data for the bed can be gathered in a 
variety of ways. For non-limiting example, a plurality of 
two-dimensional (2D) and/or 3D images can be gathered 
using one or more types of imaging, e.g., imaging capable of 
rendering spatial coordinates Such as radiograph, ultrasound, 
commuted tomography, magnetic resonance, etc., using one 
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or more electromagnetic capture devices. The plan tracking 
module 226 can be configured to process the 2D images 
and/or the 3D images to derive X-Y-Z movement commands 
for bed positioning. The plan tracking module 226 can be 
configured to process the images in a variety of ways, such as 
by establishing a relation between the image data and coor 
dinates of the bed. The relation can be established in any 
number of ways, as will be appreciated by a person skilled in 
the art, Such as by using a calibration frame positioned within 
the imaging area combined with real time measurements of 
the frame's orientation to a known coordinate on the beds 
frame and image capture device frame. Additionally, the plan 
tracking module 226 can be configured to compare image 
capture data to previously received data such as a known CT 
data set. 

0222. A majority of desired coordinates are vector quan 
tities. The vector quantities, such as planar endplate orienta 
tions, midpoints, and trajectory angles, are independent of 
Scalar calibration. Thus, the plan tracking module 226 can be 
configured to accurately process coordinate data without 
accurate unit values within the image frames of reference 
because angles (vectors) do not change based on Scale. 
0223) As will be appreciated by a person skilled in the art, 
the plan tracking module 226 can determine how to repeat 
edly and accurately spatially position the bed in a variety of 
ways, such as by using motion control processing or software. 
For non-limiting example, for a spinal Surgery using a trajec 
tory of lateral approach that begins on the L3/L4 spinal level, 
the surgeon and/or other surgical staff can input this level to 
the plan tracking module 226, e.g., using an input device Such 
as a keyboard in communication with a processor in commu 
nication with the plan tracking module 226. The plan tracking 
module 226 can then analyze an initial image of the patient 
and initial bed coordinates to cause the bed to be moved so as 
to position the patient in a desired position for the Surgeon to 
begin the procedure on the L3/L4 spinal level. Then, if the 
Surgeon desired to move to another area of the patient, such as 
the L4/L5 level, an updated input can reposition the patient in 
position for the Surgeon to begin the procedure on the L4/L5 
spinal level, as patient position is different for different lateral 
approaches. The updated input can be input to the plan track 
ing module 226 after the patient has been positioned in the 
first position, which can allow for the Surgeon to make in 
Surgery decisions as appropriate, or the updated input can be 
input at the same time as the first input, which can help save 
time after the patient has been partially operated on and is 
more Vulnerable to Surgical complications than prior to being 
incised. Additionally, in Surgery using a lateral approach, it 
can be advantageous to back up laterally-performed Surgery 
with posterior instrumentation. If two sets of implants are to 
be implanted in the patient, a Surgeon and/or other Surgical 
staff traditionally must remove the patient from the lateral 
position in which the lateral Surgery was performed and repo 
sition the patient in a prone position in which the posterior 
Surgery can be performed. Physically repositioning the 
patient mid-Surgery in this way can be time consuming and 
can be awkward for Surgical staff due to Surgical instrumen 
tation, Surgical accessories, etc. on or in the patient during the 
repositioning. The plan tracking module 226 can allow for the 
patient to be automatically repositioned from the lateral posi 
tion to a modified lateral position where posterior instrumen 
tation trajectories are of a direct horizontal nature, or con 
versely to a modified prone position where desired 
trajectories are plumb, thereby saving time and reducing 
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complexity of the Surgical procedure. The plan tracking mod 
ule 226 canthus be configured to move the patient to an initial 
position for Surgery and to move the patient to one or more 
Subsequent positions during the Surgery, thereby allowing for 
different aspects of the surgical procedure to be performed on 
the patient at different angles that are each safe, appropriate, 
and convenient for the performing Surgeon. 
0224. The plan tracking module 226 can be pre-pro 
grammed with a desired patient position for one or more 
specific Surgical procedures, e.g., spine procedures such as 
anterior lumbar interbody fusion (ALIF), extreme lateral 
interbody fusion (XLIF), etc. The plan tracking module 226 
can thus be programmed to "know a desired position for a 
patient when a specific Surgical procedure is input to the 
system 10 by a user as being for the patient. The plan tracking 
module 226 can thus be configured to automatically position 
the patient in the pre-programmed desired patient position 
using real time images of the patient indicating a current 
position of the patient, which the plan tracking module 226 
can analyze in spatial coordinates relative to the desired 
patient position to determine an amount of translational and/ 
or rotational movement of the bed to desirably position the 
patient. 
0225 FIGS. 31-33 illustrate an embodiment of pre-sur 
gery images that can facilitate automatic patient positioning 
using the plan tracking module 226. The images of FIGS. 
31-33 are fluoroscopy images, but as discussed above, other 
types of images can be obtained to assist with patient posi 
tioning in the OR (or other surgical area). Fluoroscopic 
images can be gathered in real time in an OR using a C-arm, 
as will be appreciated by a person skilled in the art. Although 
the images of FIGS. 31-33 are spinal images that can assist in 
automatic positioning a patient for spinal Surgery, the plan 
tracking module 226 can be configured to analyze images and 
automatically position a patient for Surgeries on other parts of 
the body. 
0226 FIG. 31 illustrates an embodiment of a baseline 
image as a fluoroimage of a patient’s lumbar spine without an 
attempt to align the patient on a bed in any particular position 
relative to an operative center. In other words, the Surgical 
staff can initially position the patient on the bed in a generally 
lateral position without careful precision as to the patients 
position because the patient's position will be Subsequently, 
automatically adjusted, unless the unlikely situation occurs 
where the patient is accurately initially positioned. The base 
line image can facilitate anatomical recognition by the plan 
tracking module 226, as discussed further below. FIG. 32 
illustrates an embodiment of a fluoro image including ana 
tomical recognition performed by the plan tracking module 
226 for a first input position. The anatomical recognition in 
FIG. 32 includes vertebral levels, e.g., L2, L3, etc., and end 
plate perimeter geometry 154. The endplate perimeter geom 
etry is shown in FIG.32 at the L3/L4 level to reflect an initial 
level for Surgery input to the plan tracking module 226 as 
being the L3/L4 level. The plan tracking module 226 can also 
be configured to identify high crest for any of the vertebral 
levels. The plan tracking module 226 can perform the ana 
tomical recognition in a variety of ways. For non-limiting 
example, the plan tracking module 226 can compare the base 
line image of FIG. 30 with pre-stored anatomical data stored 
in the operation database 304 (and/or any other database). The 
pre-stored anatomical data can be data for a generic patient, 
e.g., anatomical textbook data, or can be actual anatomical 
data aggregated from a plurality of previously gathered 
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images of actual patients. The plan tracking module 226 can 
be configured to filter the baseline image to create outlines, 
which can facilitate comparison of the baseline image with 
the pre-stored anatomical data to determine features in the 
baseline image, e.g., an endplate, a pedicle, etc. For non 
limiting example, algorithms to perform such analysis 
include image guided Surgery calibration algorithms, such as 
those discussed in U.S. Pat. No. 7,130,676 entitled “Fluoro 
scopic Image Guided Orthopaedic Surgery System With 
Intraoperative Registration’ issued Oct. 31, 2006, and Euro 
pean Pat. No. 1028659 entitled “Virtual Representation Of A 
Bone Or Bone Joint’ issued Feb. 18, 2004. Based on the 
pre-stored data in which various anatomical parts, e.g., levels 
of vertebra, are pre-identified, the plan tracking module 226 
can be configured to identify various anatomical parts in the 
first input position. FIG. 33 illustrates an embodiment of a 
fluoro image post-positioning, e.g., with the patient having 
been automatically moved to the initial position, e.g., the bed 
has been translated and/or rotated as discussed above. In the 
illustrated embodiment, the bed has been moved to position 
the patient slightly anterior of the disc center at L3/L4. The 
post-positioning fluoro image can, as shown in FIG. 33. 
include the anatomical recognition performed by the plan 
tracking module 226 including the vertebral levels, e.g., L2. 
L3, etc., and the endplate perimeter geometry 154. The plan 
tracking module 226 can be configured to repeatedly adjust 
the patient's position to arrive at the desired patient position 
ing, with repeated fluoroimages being gathered in real time to 
assist the plan tracking module 226 in analyzing the patients 
actual position on the bed. 
0227. Movement of the bed can be performed in any one or 
more of the X, Y, and Z dimensions depending on the initial 
position of the bed and the desired position of the bed relative 
to the initial position of the bed. Additionally, the movement 
can be translational and/or rotational in any of the X,Y, and Z 
dimensions. 

0228. The bed can be configured to move in a variety of 
ways. In an exemplary embodiment, one or more servo 
motors and one or more positioning sensors can be coupled to 
the bed. The plan tracking module 226 can be configured to 
transmit instructions to the servo motor(s) to translate and/or 
rotate the bed in a certain amount in any one or more of the X. 
Y. and Z dimensions to align desired targets with vertical 
plumb or horizontal level or an angle therebetween, and to 
place the desired targets on center. By adjusting position of 
the patient by adjusting position of something on which the 
patient rests (the bed), the system 10 can help reduce chances 
of accidental patient repositioning during Surgery because the 
bed can provide a stable surface on which the patient rests 
without straps, slings, Supports, etc. holding up part(s) of the 
patient that could accidentally loosen, shift, or otherwise slip 
during Surgery. The servo motor(s) can be coupled to one or 
more jigs coupled to the bed Such that actuation of one or 
more of the motor(s) can cause movement of one or more the 
jig (S), thereby adjustment an alignment of the bed, and hence 
an alignment of a patient on the bed. The sensor(s) can sense 
position of the bed and/or the jig (S) and transmit the sensed 
data to the system 10, which can analyze the data to ensure 
that the bed, and hence the patient, has been properly posi 
tioned. In an embodiment of spinal Surgery, a center of a disc 
can be moved directly on target, or a center of a pedicle can be 
aligned on axis and with a user input, e.g., a user's push of a 
key on a keypad in communication with the system 10, a 
center of an opposite pedicle. 
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0229. In another exemplary embodiment, one or more 
inflatable braces can be coupled to the bed. The brace(s) can 
be configured to be selectively inflated and deflated indepen 
dent of any other braces coupled to the bed. The brace(s) can 
be coupled to the bed in locations in which the brace(s) can 
interact with a patient on the bed such that inflating any of the 
braces can cause movement of the patient. The brace(s) can 
thus be configured to facilitate positioning of the patient on 
the bed. Depending on an amount of inflation/deflation, 
inflating/deflating the brace(s) can cause the patient to move 
different amounts, thereby allowing for relatively precise 
adjustment of the patient’s position on the bed. Similar to that 
mentioned above regarding the servo motor, by adjusting 
position of the patient by adjusting position something on 
which the patient rests (the brace(s)), the system 10 can help 
reduce chances of accidental patient repositioning during 
Surgery because the bed and brace(s) can provide a stable 
Surface on which the patient rests without straps, slings, Sup 
ports, etc. holding up part(s) of the patient that could acciden 
tally loosen, shift, or otherwise slip during Surgery. 
0230. The brace(s) can have a variety of sizes, shapes, and 
configurations. In an exemplary embodiment, the brace(s) 
can be formed from a biocompatible, flexible, radiolucent 
material. The brace(s) can be coupled to the bed in any way, 
Such as by being integrally formed therein, by being included 
in a slipcover placed over/around the bed, or by being 
attached to the bed or cover thereon with a securing element 
such as Velcro or glue. If the brace(s) are configured to be 
removably and replaceably coupled to the bed, such as with 
Velcro, the bed can include a diagram or other markings 
thereon to indicate placement of the brace(s) thereon. The 
markings can be generic, e.g., be for any Surgical procedure, 
or can be customized for particular Surgical procedures, e.g., 
be color coded with different colors indicating position of 
brace(s) for different surgical procedures. The brace(s) can be 
inflated with any one or more types of fluid. The fluid, in an 
exemplary embodiment, is Surgically safe such that in the 
unlikely event of brace leakage, the fluid cannot harm the 
patient or Surgical staff. 
0231. The system 10, e.g., the procedure analysis module 
230 discussed further below, can be configured to determine 
an amount of time it takes to position the patient, e.g., from 
the systems start of the video tutorial to the system's deter 
mination that the patient’s position matches the pre-Surgery 
plan. The determined amount of time can be saved in the 
operation database 304, e.g., in the OR database 322. In 
alternative or in addition to determining an amount of time it 
takes to position the patient, the system 10, e.g., the personnel 
tracking module 236, can be configured to register (e.g., 
identify and log) the one or more medical personnel who help 
position the patient and to track movement of the one or more 
medical personnel who help position the patient, as discussed 
further below. The determined amount of time and/or the 
information regarding the medical personnel can be analyzed 
to develop metrics that can be later viewed and tracked by one 
or more users, such as the Surgeon who performed the Surgery 
and administrators at the hospital where the Surgery was 
performed, to help drive learning and best practices. 
0232 Similar to that discussed above regarding facilitat 
ing patient position, the plan tracking module 226 can be 
configured to facilitate positioning of one or more Surgical 
instruments before a Surgical procedure begins. Also similar 
to that discussed above regarding facilitating patient position, 
the plan tracking module 226 can be configured to match one 
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or more instruments position with a pre-Surgery plan (e.g., 
using positioning/navigation technology and/or imaging), 
and the system 10 (e.g., the equipment tracking module 230, 
discussed further below) can be configured to determine an 
amount of time is takes to position each instrument, register 
(e.g., identify and log) the instruments as being present, and/ 
or to track movement of the registered instruments. The 
instrument movement can be tracked and logged as distinct 
motions, e.g., insertion and removal of the instrument into the 
Surgical space; actions of the instruments such as removal of 
bone, movement of tissue, insertion of material (e.g., a bone 
screw, interbody cage, biologic, combination treatment, etc.), 
etc.; etc. The determined amount of time and/or the informa 
tion regarding the instruments can be analyzed to develop 
metrics that can be later viewed and tracked by one or more 
users, such as the Surgeon who performed the Surgery and 
administrators at the hospital where the Surgery was per 
formed, to help drive learning and best practices and/or to 
determine instrument effectiveness. 
0233. The plan tracking module 226 can be configured to 
provide feedback regarding a Surgical procedure throughout 
actual performance the Surgical procedure as measured 
against at least one model, e.g., a saved simulated procedure 
and/or a pre-programmed procedure. The feedback can be 
provided visually (e.g., on a display device, by lights, etc.), by 
motion (e.g., by vibration, etc.) and/or by Sound (e.g., by 
audio beep, etc.). The feedback can include data including a 
progress of the actual Surgical procedure as measured against 
the model. The feedback can allow a surgeon and/or other 
medical personnel involved with the Surgical procedure to 
continually validate and confirm that the steps being taken in 
the Surgery line up with a saved pre-op plan and/or with 
convention. Should the actual procedure deviate from the 
model within a certain, predetermined degree of tolerance, 
the plan tracking module 226 can be configured to triggeran 
alert, e.g., a visual, auditory, and/or motion signal, indicating 
the deviation. Different alarms can be used by the plan track 
ing module 226 to indicate different deviations, e.g., a first 
signal for a skipped step, a second signal for an incorrect 
instrument being used, a third signal for a planned instrument 
being missing from the OR, a fourth signal for not enough 
tissue and/or bone removed from the patient, a fifth signal for 
too much tissue and/or bone removed from the patient, a sixth 
signal indicating unexpected patient vital sign(s), a seventh 
signal indicating an instrument has entered an undesirable 
area of the anatomy based on the pre-op plan, etc. In an 
exemplary embodiment, the plan tracking module 226 can be 
configured to predict deviation from the model within a cer 
tain, predetermined degree of tolerance and trigger the alert 
before the Surgery has gone too far off-model or too close to 
a higher risk or incorrect area of the patient. 
0234. In response to an alert, the system 10 can allow a 
user, e.g., the Surgeon, to access the Surgical procedure plan 
ning module 218 to modify the saved simulation for the 
Surgical procedure. In this way, the Surgeon can prepare a plan 
on the fly with consideration to unexpected circumstances 
that arise during the procedure and/or to test different Surgical 
techniques and/or medical devices prior to actually perform 
ing the techniques and/or actually using the medical devices. 
The modified simulation can be performed, saved, and later 
accessed similar to that discussed above. 

0235 Procedure Analysis Module 
0236. The procedure analysis module 230 can provide 
users of the system 10 with an interface for evaluating 
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progress of the Surgical procedure. Key metrics of progress 
for payers, providers, and regulators can be gathered by the 
procedure analysis module 230 to facilitate billing and regu 
latory compliance. Non-limiting examples of progress data 
that the procedure analysis module 230 can gather and/or 
analyze and provide to a user of the system 10 include ana 
tomical information, nerve information, pain information, a 
running total case time, a total amount of patient blood loss, 
spinal disc removal information, an amount of bone removed 
from the patient, and an amount of tissue and/or bone 
removed for graft. The progress data can be selectively dis 
played on a display device as discussed above. The Surgical 
procedure planning module 218 can be configured to simi 
larly provide data to a user performing a Surgical simulation 
So as to help correct any potential problems before an actual 
Surgery is even performed. 
0237. The provided anatomical information can include 
information regarding tissue (e.g., soft tissue), bone, nerves, 
intervertebral disc material, etc. The procedure analysis mod 
ule 230 can be configured to provide anatomical information 
in a variety of ways. In an exemplary embodiment, the pro 
cedure analysis module 230 can be configured to provide a 
layered anatomical visualization on a display device. The 
anatomical visualization can be a generic visualization of a 
typical patient, or the anatomical visualization can be specifi 
cally based on the patient, similar to that discussed above 
regarding modeling of the patient for pre-op electronic simu 
lation. The anatomical visualization can show all tissue types 
(e.g., soft tissue, bone, vessels, nerves) to help facilitate navi 
gationaround them in actual performance of the Surgery. FIG. 
22 illustrates one embodiment of an anatomical visualization 
for a spinal Surgery in which a bone layer, a vessel layer, and 
a nerve layer are displayed, with a soft tissue layer hidden. 
The different layers can be selectively hidden and displayed. 
For Surgery in another area of a patient’s body, e.g., knee 
Surgery, a different part of a patient can be shown, e.g., a 
portion of a leg. In some embodiments, the different layers 
can be selectively projected, printed, or overlaid onto the 
patient to facilitate identification of the patients anatomical 
structures to help identify “safe' Zones and avoid injury to the 
patient. 
0238. Using nerves as an example of the procedure analy 
sis module 230 providing anatomical information, nerve trac 
tography technologies such as Diffusion Tensor Imaging 
(DTI) or MRI with specialized sequences can be used to 
determine a 3D shape and location of the nerves by register 
ing water content. The shape and location of the nerves is 
sensed by MRI unit, which also registers one or more fidu 
cials on the patient. This image can be loaded into the system 
10, allowing the image to be merged with the 3D anatomical 
model based on the reference location in space provided by 
the fiducial(s). This fusion can allow the system 10 to display 
the nerves overlaid on the bony anatomy in one or both of 
pre-op planning and in the OR. Additional OR sensing tech 
nologies can help to locate the nerves during Surgery, Such as 
a nerve sensing or stimulating probe using conventional trig 
geredEMG or triggered MMG technology for nerve localiza 
tion that can be tracked by the navigation system in order to 
generate spatial information about the nerve location in real 
time as the probe is moved during the procedure. This can 
accommodate tissue movement associated with patient posi 
tioning and operative manipulations. This navigable nerve 
sensing probe can be configured in a grid pattern rather than 
a single instrument, thereby allowing multiple sensing and 
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stimulating points over the nerve. These multiple sensing and 
stimulation points can result in determining the distance to 
the nerve, and through software analysis and conduction 
theory, can reconstruct the size and shape of the nerve. 
Because the grid pattern is navigated, its location in space is 
known, and as a result the location of the nerve in space is 
known and can be merged to the 3D representation of the 
patient in the OR navigation system, thereby allowing visual 
navigation around the nerves as well as the bony structures, 
even as they are moved along with the muscle tissue or 
retracted during access. 
0239. In one exemplary embodiment, the procedure analy 
sis module 230 can be configured to provide visualization of 
patientanatomy (e.g., bones, nerve roots, Vascular structures, 
etc.) using augmented reality. The procedure analysis module 
230 can be configured to provide an augmented reality imag 
ing system that can overlay computer generated imagery onto 
one or more physical objects, e.g., a patient, a table, a drape, 
etc., that can be visualized by a user, e.g., a Surgeon or other 
Surgical staff. In an exemplary embodiment, the computer 
generated imagery can be overlaid on a patient, which can 
facilitate identification of variousanatomical structures of the 
patient, including those structures that are hidden behind one 
or more other anatomical structures such that their location 
can be discerned from the imagery without actually being 
visible to the user. The imagery can be overlaid in an Surgical 
setting, e.g., an OR, which can facilitate performance of a 
Surgical procedure by providing visualization of patient 
anatomy that would otherwise not be visible. The surgery can 
thus be performed with improved accuracy and confidence 
because a more complete picture of a patients anatomy can 
be provided in real time with surgery. The procedure analysis 
module 230 can be configured to overlay the imagery in 3D 
with depth perception, which can provide intuitive visualiza 
tion of 3D objects that cannot be so visualized using a tradi 
tional 2D display device, e.g., a computer monitor, and that 
are more naturally viewed in 3D. The overlaid imagery can 
also be easily viewed by a user from different angles, such as 
by the user moving his/her head, walking around, etc. The 
augmented reality imaging system can allow the Surgeon 
and/or other Surgical staffin a Surgical setting to focus on the 
patient rather than on an external display device. 
0240. The procedure analysis module 230 can be config 
ured to provide the augmented reality imaging system in a 
variety of ways. In an exemplary embodiment, the procedure 
analysis module 230 can be configured to analyze gathered 
images of a patient to generate a 3D model of the patients 
anatomy based on the images. The images can include previ 
ously gathered images, e.g., fluoroscopy, MRI, or CT images 
stored in the diagnosis database 310, and/or images gathered 
in real-time, e.g., fluoroscopy, ultrasound, or intraoperative 
CT images. The generated 3D model can be stored in the 
system 10, such as in the procedure database 316. The pro 
cedure analysis module 230 can be configured to register the 
generated 3D model to one or more reference markers 
mounted on a physical object, e.g., on a patient in an OR or 
other Surgical setting. The registration can be performed auto 
matically by the procedure analysis module 230, or the reg 
istration can be manually triggered by a user, e.g., via a no 
touch data communication system similar to that discussed 
above with respect to FIG. 20. The reference marker(s) can be 
similar to the augmented reality markers 72 discussed above 
with reference to FIG. 21. In an exemplary embodiment, a 
plurality of reference markers can be mounted on the patient, 
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Such as by adhering the markers to the patient using a bio 
compatible adhesive that allows removal of the markers from 
the patient. The procedure analysis module 230 can be con 
figured to track the reference marker(s) mounted on the physi 
cal object to determine a correct location to display the gen 
erated 3D model with respect to the physical object. 
0241 A Surgeon and/or other Surgical staff can wear a 
Stereoscopic viewing device, such as a head-mounted Stereo 
scopic viewing device similar to the head mounted display 
142 discussed above with reference to FIG. 20. The stereo 
scopic viewing device can be a see-through device, or it can 
be an opaque display. If the stereoscopic viewing device is an 
opaque display, the stereoscopic viewing device can include a 
Video camera configured to capture a view in front of the 
device's wearer so that the wearer isn’t “blind.” The proce 
dure analysis module 230 can be configured to track the 
stereoscopic viewing device to help determine where to over 
lay the generated 3D model in a location where it can be 
visualized by the wearer of the stereoscopic viewing device. 
The procedure analysis module 230 can be configured to use 
the stereoscopic viewing device to overlay the generated 3D 
model on the physical object, e.g., the patient, in an anatomi 
cally correct location. In other words, the procedure analysis 
module 230 can be configured to project the generated 3D 
model of anatomy in a location corresponding to the patients 
actual anatomy. As the wearer of the stereoscopic viewing 
device moves around, the procedure analysis module 230 can 
be configured to automatically adjust the generated 3D model 
in real time so that the generated 3D model is always overlaid 
in the anatomically correct location. The wearer can thus use 
the generated 3D model as a Supplement to ordinary visual 
ization (either directly in the case of a transparent viewing 
device, or with the aid of the video camera in the case of an 
opaque device) to allow visualization of anatomy that would 
otherwise not be visible to the wearer. 

0242. The procedure analysis module 230 can be config 
ured to overlay information other than anatomical informa 
tion. The procedure analysis module 230 can be configured to 
calculate the additional overlaid information based on the 
patient images previously gathered and/or gathered in real 
time. The additional overlaid information can include, for 
non-limiting example, a recommended trajectory for implant 
implantation (e.g., a recommended implantation trajectory 
for a pedicle screw), dimensions of anatomy (e.g., dimensions 
ofpedicles/vertebral bodies), a distance between variousana 
tomical structures (e.g., a distance from one pedicle to an 
adjacent pedicle), and/or an estimated position and orienta 
tion of an implanted implant. The dimensions of anatomy can 
help a Surgeon and/or other Surgical staff determine an appro 
priate size of an implant to use with a patient, such as an 
appropriate screw size. The distance between various ana 
tomical structures can help a Surgeon and/or other Surgical 
staff determine an appropriate sized implant to connect mul 
tiple anatomic structures, such as a length of spinal rod to 
span multiple vertebra. The estimated position and orienta 
tion of the implanted implant can help a Surgeon and/or other 
Surgical staff determine a location of the implant when the 
implant is otherwise not visible, e.g., if the implant is radi 
olucent and not visible in a gathered image of the patient. 
Methods and apparatuses of estimating the position and ori 
entation of an implant are described in more detail in U.S. 
application Ser. No. 13/488,827 entitled “Methods and Appa 
ratus For Estimating The Position And Orientation Of An 
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Implant Using A Mobile Device' filed Jun. 5, 2012, which is 
incorporated by reference in its entirety. 
0243 Nerve information provided by the procedure analy 
sis module 230 can include information gathered by the pro 
cedure analysis module 230 regarding, e.g., nerve health, 
nerve stretch, and pain levels. The procedure analysis module 
230 can be configured to gather data regarding a time length 
of tissue retraction, an amount of the tissue retraction, and/or 
an amount of pressure being placed on tissue and/or nerves as 
a result of the retraction. The procedure analysis module 230 
can gather Such information using, e.g., sensors attached to a 
retractor and monitoring nerve diameter, RT Automatic Atlas 
Segmentation (available from Brainlab Corporation of Feld 
kirchen, Germany), etc. RT Automatic Atlas Segmentation, 
for example, can be used in pre-op planning to determine the 
pathway through nervous tissue with allowable stretch when 
compared to a library of nerve tension and post-op pain levels, 
e.g., a library stored in the procedure database 316, and can be 
used again during the Surgical procedure to predict tissue 
movements without re-imaging the patient. Final imaging can 
compare a projected movement of the tissues to actual move 
ment of the tissues, and the system 10 can be configured to 
record this relationship in the OR database 322, thereby 
improving the system’s predictive algorithms through con 
tinual learning. If tissue is retracted during Surgery for too 
long, the patient can feel pain following Surgery. The proce 
dure analysis module 230 can therefore analyze the gathered 
data to determine if the tissue retraction should be released 
and/or readjusted to help avoid future patient pain. The pro 
cedure analysis module 230 can be configured to determine 
that retraction should be released and/or readjusted based on 
a variety of factors, such as clinical study data, data previ 
ously gathered by the system 10 regarding lengths, locations, 
and durations of retraction in previously performed Surgical 
procedures, and/or data previously gathered by the system 10 
regarding pain levels of patients following Surgeries. The 
procedure analysis module 230 can be configured to provides 
notification of the pain levels to the user during the Surgery. 
The system 10 can thus be configured to correlate retraction 
lengths, locations, and durations with patient pain and learn 
over time so as to allow the procedure analysis module 230 to 
determine when tissue has been retracted improperly and/or 
for too long. In some embodiments, the procedure analysis 
module 230 can be configured to cause automatic release or 
readjustment of tissue retraction upon determination that 
retraction should be released or readjusted, such as when the 
instrument performing the retraction is coupled to a move 
ment mechanism that can be electronically controlled by the 
system 10. Similarly, in some embodiments, the procedure 
analysis module 230 can be configured to mechanically pre 
vent a retractor from applying too much pressure, e.g., 
through the use of one or more clutches. Instruments can be 
provided that can sense tissue segmentation through the use 
of ultrasound and provide the system 10 with feedback on the 
instrument's location in a desired tissue plane. 
0244 Spinal disc removal information gathered, ana 
lyzed, and/or provided by the procedure analysis module 230 
can include, e.g., a running total amount of spinal disc 
removal and chemical content of disc material. The chemical 
content of disc material can be measured by the procedure 
analysis module 230 and analyzed to calculate appropriate 
dosing of medication. 
0245 FIG. 23 illustrates an embodiment of a void confir 
mation system of the procedure analysis module 230 config 
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ured to indicate how much intervertebral disc material has 
been removed from a patients spine. It can be difficult to see 
how much disc material has been removed, and where it has 
been removed from. The void confirmation system can allow 
for electronic measurement of disc removal and electronic 
confirmation of where disc material has been removed, 
thereby providing better information than can typically be 
gathered by visualization. The Void confirmation system can 
include at least one sensor 126 and at least one emitter 128. 
The sensor(s) 126 can be, e.g., a spherical IR or ultrasonic 
sensor or a Sonar depth sensor. The sensor(s) 126 and the 
emitter(s) 128 can be introduced into the disc space. The 
sensor(s) 126 can be configured to gather data regarding a 
volume of unobstructed disc space, and the emitter(s) 128 can 
be configured to transmit the gathered data to a CPU 130 of 
the system 10. The system 10, e.g., the procedure analysis 
module 230, can be configured to analyze the received data 
and determine an amount of disc material that has been 
removed from the patient based on a comparison of the 
received data with previously gathered data, e.g., pre-op 
image data indicating a geometry of the patient’s disc space. 
The procedure analysis module 230 can additionally or alter 
natively be configured to analyze received data for endplate 
thickness and/or density variations. The CPU 130 can be 
configured to display results of the analysis on a display 132. 
Although disc removal is shown in the illustrated embodi 
ment, other material removed from the patient, such as tissue 
and bone, can be similarly electronically confirmed. 
0246 The OR analysis module 234 can be configured to 
track placement of implant trials (e.g., in pre-op planning) 
and placement of actual implants. The position of the 
implants and trials can be tracked using any one or more 
methods, Such as navigation systems that use infrared or 
visual cameras; electromagnetic, radiofrequency, and micro 
wave sensors attached to or embedded in the implants or trials 
(e.g., embedded sensors available from CardioMEMS, Inc., 
Atlanta, Ga.); etc. Embedded sensors can be used after 
implantation as well. Such as to non-invasively collect data 
related to bone growth rate, forces acting on the implant, and 
position of the implant through wireless connection with an 
external interface device. Additionally or alternatively, the 
embedded sensors can be used to control the implants through 
via the system 10 and/or other external control device. For 
example, an implant in the form of an adjustable height inter 
body device can be instructed to increase or decrease its 
height at multiple segments in order to provide better balance 
or contact with the endplate to promote spinal alignment and 
bone growth. 
0247 Education Module 
0248. The education module 228 can provide users of the 
system 10 with an interface for requesting and/or receiving 
informational materials during performance of a Surgical pro 
cedure. By providing access to informational materials in an 
OR, questions can be quickly answered and the Surgery can 
proceed with minimal delay and without any medical person 
nel having to leave the OR to obtain the information. 
0249. The informational materials can include video con 
ferencing capability and/or educational resources as dis 
cussed above regarding the SPP module 218, such as materi 
als stored in the catalog database 318. The education module 
228 can allow users of the system 10 to access the informa 
tional materials in any way, such by using no-touch controls, 
as discussed above. The system 10 can be configured to allow 
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access to informational materials regardless of the informa 
tion displayed on a display device of the system 10 at any 
particular time. 
0250 Video conferencing can be available to bring at least 
one external third party, e.g., a physician, a family member of 
the patient, technical staff, a resident, an expert on a certain 
aspect of the Surgical procedure, etc.) into communication 
with medical personnel in the OR. The system 10 can there 
fore allow for remote viewing of one or more Surgical proce 
dures being performed, which can help provide training, help 
hospital administrators with Scheduling, and/or help keep 
family members of the patient informed about the surgery. 
Data regarding the Surgical procedure that can be accessed 
remotely can be limited based on a type of user accessing the 
system, e.g., more access for residents, less access for family 
members, etc. In an exemplary embodiment, a remote access 
app configured to run on a mobile phone, tablet computer, etc. 
can be configured to allow family members of the patient to 
remotely access the system 10 to receive updates regarding 
progress of the Surgical procedure, e.g., a timeline or progress 
report mapping a percentage of progress of the actual Surgical 
procedure against the pre-op plan for the procedure, thereby 
helping to keep family members automatically informed 
about the Surgery's progress regardless of whether the family 
members are located at the hospital or not. Additionally, the 
app can be available for download to personal device(s) and/ 
or available on a device issued temporarily to family members 
at the hospital, thereby allowing family members to access the 
system 10 who may not otherwise have a device at the hos 
pital that is appropriate to access the system 10. 
0251 Equipment Tracking Module 
0252. The equipment tracking module 232 can provide 
users of the system 10 with an interface for managing equip 
ment used in a Surgical procedure. The equipment tracking 
module 232 can manage equipment by registering, tracking, 
and ordering equipment. 
0253) In an exemplary embodiment, equipment can be 
registered and tracked throughout a Surgical procedure Such 
that at any given time during the procedure (including when a 
patient may not necessarily be present, such as during setup 
and clean up), the equipment tracking module 232 can be 
configured to gather data regarding instrument(s) present in 
the OR and in a sterile configuration. The equipment tracking 
module 232 can therefore be configured to help manage effi 
cient use of instruments in a Surgical procedure being per 
formed and, through Subsequent analysis by the post-op mod 
ule 206 of data gathered by the equipment tracking module 
232, help improve efficiency, lower costs of future surgical 
procedures, facilitate billing, and maximize reimbursement. 
The equipment tracking module 232 can additionally or alter 
natively be configured to track registered instruments in ster 
ilization, which can help ensure that cleaning and sterility 
have been performed before instruments are used in the OR, 
help assess quality of sterilization, help reload instruments 
trays more quickly, and help assist in set scheduling based on 
case requirements in the pre-op plan for the Surgical proce 
dure. 
0254 The equipment tracking module 232 can be config 
ured to gather various types of data regarding instruments 
used in the OR. Non-limiting examples of data that the equip 
ment tracking module 232 can be configured to gather include 
an identification of which and how many Surgical instruments 
are present in the OR at any given time, how long each 
Surgical instrument is in use during the Surgical procedure, 
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number of instrument passes/exchanges, misuse of instru 
ments, loading and acceleration data, instrument damage, 
amount of power consumed by instruments, and out of instru 
ment specification conditions. The system 10 can be config 
ured to provide instant feedback to the user on instrument use 
through a display screen or feedback directly from the instru 
ment, e.g. light, vibration, etc. Examples of instrument use 
feedback include misuse of the instrument, excessive force 
levels, or a damaged or non-functional instrument. 
0255 Equipment can be registered and tracked in a variety 
of ways, such as by using one or more optical and/or infrared 
cameras in the OR. The camera(s) can be configured to detect 
an instrument and compare gathered data regarding the 
detected instrument with equipment data stored in the equip 
ment database 324 to register the instrument as a certain type 
of instrument, e.g., a scalpel, a retractor, etc., and/or as a 
unique instrument, e.g., identification by bar code on the 
instrument, identification by Smart chip or radio frequency 
identification (RFID) tag embedded in or otherwise attached 
to the instrument, etc. In this way, every instrument used in the 
procedure and/or present in the OR can be identified, which 
can facilitate tracking during the procedure and facilitate use 
analysis (including non-use) in post-op analysis of the proce 
dure. 

0256. One embodiment of an instrument tracking system 
can include an augmented reality tracking system, similar to 
that discussed above regarding FIG. 21. The augmented real 
ity marker(s) 72 configured to be recognized by the RGB 
camera 74 can be used to track position and navigation of 
instruments. 

0257 FIG. 24 illustrates an embodiment of an instrument 
tracking system including a magnetic based tracking system 
100, such as Razer Hydra hardware available from Razer 
USA Ltd. of Carlsbad, Calif. The magnetic based tracking 
system 100 can be configured to communicate with a CPU98 
of the system 10, which can cause a data related to gathered 
tracking data to be displayed on a display 102, e.g., a list of all 
instruments currently in use. The magnetic based tracking 
system 100 can be coupled to at least one camera, e.g., a 
visual camera oran infrared camera, which can be configured 
to calibrate a location of the magnetic based tracking system 
100 and use the electromagnetic tracking of the magnetic 
based tracking system 100 to navigate instrument(s) without 
requiring line of sight to the instrument from the camera(s). 
Whether used in conjunction with the magnetic based track 
ing system 100 or not, the camera(s) can be configured to 
record movement of the instrument(s), which can be stored in 
the equipment database 324 for later analysis, e.g., analysis 
performed by the post-op surgery feedback module 238 dis 
cussed further below. 

0258 FIG. 25 illustrates an embodiment of a skin surface 
mapping and instrument tracking system including a posi 
tioning/navigation technology system, similar to that dis 
cussed above patient positioning assistance using position 
ing/navigation technology Such as Microsoft Kinect. The 
positioning/navigation technology system can include one or 
more markers 118 configured to be recognized by one or more 
IR cameras 116. The marker(s) 118 can be positioned on 
and/or near the patient to facilitate tracking motion of an 
instrument 120 used relative to the patient. The marker(s) 118 
can additionally or alternatively facilitate detection of a skin 
Surface of the patient, determination of bone locations 
mapped to pre-op image(s) of the patient, and tracking of 
medical personnel motion and/or posture. The IR camera(s) 
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116 can be configured to communicate with a CPU 122 of the 
system 10, which can cause image(s) gathered by the camera 
(s) 116 to be displayed on a display 124. Fluoroscopy can be 
used for verification. Although only one instrument 120 is 
shown in the illustrated embodiment, more than one instru 
ment can be tracked similarly to the instrument 120. 
0259. The equipment tracking module 232 can be config 
ured to anticipate future instrument needs during a Surgical 
procedure and triggeran instruction to retrieve the instrument 
(s) identified as being needed and, if necessary, prepare the 
retrieved instrument(s) for imminent use. The equipment 
tracking module 232 can be configured to determine what 
instrument will next be needed based on any number of fac 
tors, such as on previously gathered data stored in the proce 
dure database 316 and/or the products and procedures data 
base320 regarding previously performed Surgical procedures 
of a same type as the Surgical procedure being performed, on 
the Surgical procedure’s pre-op plan as indicated in a simu 
lation saved in the procedure database 316, and/or on the flow 
of the Surgical procedure performed thus far. The equipment 
tracking module 232 can be configured to identify all next 
needed instruments, or the equipment tracking module 232 
can be configured to determine which instrument(s) are criti 
cal to the Surgical procedure based on their frequency of use 
in previously performed Surgical procedures of a same type as 
the Surgical procedure being performed and only trigger an 
instruction for the critical instrument(s). In an exemplary 
embodiment, the equipment tracking module 232 can be con 
figured to trigger an instruction for all next-needed instru 
ments, regardless of their actual or calculated criticality to the 
procedure. 
0260 The triggered instruction can take any number of 
forms, such as by identifying an instrument for a medical staff 
member to retrieve and/or prepare for the surgeon. The iden 
tification can be achieved in any number of ways. Such as by 
displaying the instrument on a display Screen with a notation 
that the instrument is needed now or in “X” amount of time, 
laser pointing to the instrument on an instrument tray, lighting 
up the instrument's location on an instrument tray, etc. 
0261. In some embodiments, retrieval of instruments can 
be automated, such as by a robotic scrub tech or vending 
machine/tool changer configured to provide each Successive 
instrument. The robotic scrub tech or vending machine/tool 
changer can be configured to pickup each Successive needed 
instrument, pass the instrument through a sterile field (e.g., 
flash sterilization, chemical sterilization, etc.), and deliver the 
sterilized instrument to a scrub tech. The robotic scrub tech or 
vending machine/tool changer can thus help reduce instru 
ment sterilization costs because only instruments used are 
sterilized, rather than sterilizing an entire instrument set. The 
robotic scrub tech or vending machine/tool changer can be 
configured to receive a triggered instruction from the equip 
ment tracking module 232 Such that only instruments identi 
fied as being needed as sterilized on as as-needed basis. 
0262. As mentioned above, the equipment tracking mod 
ule 232 can be configured to verify cleanliness and/or steril 
ization of instruments in the OR. In an exemplary embodi 
ment, both cleanliness and sterilization can be verified. The 
equipment tracking module 232 can be configured to verify 
cleanliness and sterilization in a variety of ways, such as by 
using a built-in ultraviolet light and an optical camera con 
figured to recognize instruments. The equipment tracking 
module 232 can additionally or alternatively be configured to 
determine when a non-sterilized instrument has breached the 
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sterile field of the OR, e.g., by registering the instrument and 
identifying the instrument as not being noted in the equip 
ment database 324 as having passed through sterilization, and 
if so, to trigger an alert to user(s) of the system 10 in the OR. 
The equipment tracking module 232 can be configured to 
provide a warning, e.g., a Visual warning on a display, etc., 
may if a sterile instrument has been removed from the sterile 
field. 

0263 AS also mentioned above, the equipment tracking 
module 232 can be configured to help reload instruments 
trays more quickly, since time is often wasted in refilling trays 
after cleaning instruments in central sterilization. The equip 
ment tracking module 232 can facilitate reload of instruments 
trays in a variety of ways. FIG. 26 illustrates an exemplary 
embodiment of an instrument sorting system configured to 
allow the equipment tracking module 232 to help reload 
instruments trays more quickly. The instrument sorting sys 
tem can include an IR and RGB camera 104 configured to 
gather data regarding an instrument 108 and communicate the 
gathered data to a CPU 106 of the system 10. The CPU 106, 
e.g., the equipment tracking module 232 executed by the CPU 
106, can be configured to analyze the received data to identify 
the instrument 108 and provide instructions as to which 
instrument tray 110 and where in the instrument tray 110 the 
instrument 108 should be placed (if placement of the instru 
ment 108 in the tray is relevant, e.g., if the instrument 108 is 
not the only instrument on or to be on the tray110). The CPU 
106 can provide the instruction in a variety of ways. In the 
illustrated embodiment, the CPU 106 can be coupled to a 
laser pointer 112 configured to communicate orders to medi 
cal personnel by directing medical personnel to the specific 
tray 110 by laser pointing to the tray 110 and/or a specific 
location on the tray110. The laser pointer 112 can be coupled 
to a movement mechanism, e.g., a rotation mount 114, con 
figured to move in response to instructions received from the 
CPU 106, e.g., instructions to rotate a certain amount in a 
certain direction to cause the laser pointer 112 to point to tray 
110 and/or a specific location on the tray 110. The laser 
pointer 112 can include a camera (not shown) configured to 
provide visual confirmation on a user interface that the laser 
pointer 112 has pointed to the tray110, which can allow a user 
to visually confirm the instruction. Although only one instru 
ment 108 is shown in the illustrated embodiment, the IR and 
RGB camera 104 can be configured to gather data regarding 
a plurality of instruments, and the CPU 106 can be configured 
to analyze data regarding the plurality of instruments and 
provide tray instructions regarding the plurality of instru 
mentS. 

0264. The equipment tracking module 232 can be config 
ured to trigger maintenance/sharpening/lubrication/recali 
bration/disposal cycles of instruments tracked by the equip 
ment tracking module 232. In an exemplary embodiment, 
when the equipment tracking module 232 registers an instru 
ment is registered as being used in a Surgical procedure, the 
equipment tracking module 232 can cause the scheduling 
module 222 to determine whether the instrument needs to 
undergo maintenance/sharpening/lubrication/recalibration/ 
disposal, e.g., if the instrument has been used a certain pre 
determined number of times as indicated by running tally of 
uses in Surgery detected by the system 10, and if so, to sched 
ule the maintenance/sharpening/lubrication/recalibration/ 
disposal. In this way, the equipment tracking module 232 can 
help ensure that instruments are maintained in their best pos 
sible condition. The equipment tracking module 232 can be 
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configured to provide data on instrument use to a product 
manufacturer. Examples of the provided data include number 
of instrument uses, instrument failure, maintenance and cali 
bration cycles of instruments, and real-time complaint report 
ing. The equipment tracking module 232 can be configured to 
verify that all instruments and disposables have been removed 
from the Surgical site and are not remaining in the patient. 
0265 OR Analysis Module 
0266 The OR analysis module 234 can be configured to 
provide users of the system 10 with an interface for gathering 
ethnographic information regarding a Surgical procedure. 
The system 10 canthus be configured to analyze each Surgical 
procedure on the basis of one or more factors such as instru 
ment use efficiency, personnel efficiency, and patient health, 
as well as be configured to aggregate data regarding multiple 
Surgical procedures so as to learn trends over time. Individual 
analysis of Surgical procedures can help predict outcomes of 
the procedure and/or can help the Surgeon establish best prac 
tices and learn from previous experience on a personal, con 
fidential level as evaluated by the system 10 acting as a neutral 
third party. Aggregated data can help hospital administrators 
develop a cost per hour for OR time, which can allow the 
hospital to improve efficiency and lower costs. 
0267. The OR analysis module 234 can be configured to 
review data collected over multiple Surgical procedures, and 
can be configured to group the data according to one or more 
factors such as performing Surgeon, procedure type, patient 
demographic, instruments and implants used, duration, etc. 
The data can include parameters such as anatomic, physi 
ologic, ergonomic, temporal, spatial, and biomechanical 
parameters. The system 10, e.g., the post-op module 206, can 
be configured to perform an analysis on the collected data 
through one or more algorithms to generate potential new 
innovations to the Surgical procedure, such as a combining of 
steps, introduction of a new tool from a different procedure, 
adjustment of a physical location of OR Staff or equipment, 
etc. These generated innovations can then be available for 
review by users of the system 10, e.g., a user planning a new 
Surgical procedure, and can be integrated into future cases. 
The system 10 can be configured to record when the innova 
tion was used and can be configured to track the outcomes of 
these procedures to compare against the outcomes from simi 
lar patients/procedures before the innovation was used. The 
system 10 can be configured to determine through compari 
son how effective the innovation was, resulting in further 
learning of the system 10 on how and when to generate the 
most effective innovations. This analysis can also help the 
system 10 determine if it would be beneficial to continue 
recommending this innovation to users and eventually 
include it as a standardized part of the procedure or to remove 
it due to its lack of effectiveness. 

0268. The system 10 can be configured to automatically, 
continually gather data throughout every Surgical procedure 
at an OR in which the system 10 is set up, e.g., by camera (still 
image and/or video image), audio recording, motion sensor, 
etc., thereby allowing for seamless data gathering largely 
transparent to medical personnel in the OR. The OR analysis 
module 234 can be configured to coordinate this data gather 
ing. The system 10, e.g., the post-op module 206 discussed 
further below, can thus be configured to automatically gener 
ate efficiency reports at a user-set frequency, e.g., for every 
procedure, for all procedures performed in one day at a hos 
pital, for every “X” number of a certain type of procedure 
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performed, etc., which can facilitate analysis and use of the 
data gathered by the system 10. 
0269 Multiple technologies present in an OR can be inte 
grated with the system 10, thereby allowing centralized man 
agement and monitoring of multiple technologies. The tech 
nologies can be modular, as mentioned above, thereby 
allowing scaling of the system 10 to hospitals, clinics, etc. of 
largely varying size and resources, and/allowing the various 
technologies to be upgraded, replaced, and/or maintained 
without requiring shutdown of the entire system 10. The OR 
analysis module 234 can be configured to provide a user 
interface allowing selective operation and/or user settings of 
any one or more of the technologies at a given time, thereby 
allowing for modular and personalized control of the various 
technologies. Non-limiting examples oftechnologies that can 
be integrated with the system 10 can include neural monitor 
ing outputs, educational information (e.g., Surgical technique 
Videos, etc.), imaging (e.g., CT, fluoroscopy, ultrasound, 
etc.), navigation, neural monitoring, lighting, cameras (e.g., 
endoscope, microscope, feeds from outside the OR, etc.), 
powerusage of instruments, energy devices (e.g. bovie, bipo 
lar, harmonic devices, etc.), powered tools (e.g., burr, drill, 
etc.), video outputs (e.g., output video to OR Screens), pro 
jected images, heads-up displays (e.g., in microscope, loupes, 
glasses, etc.), connection to a hospital network, vital sign 
monitoring, robotic control (e.g., control of instruments 
through pre-planned navigated space Such as disc-clearing 
robots, etc.), remote viewing of the system 10, anesthesia, full 
room decontamination activated after case completion and 
timed by the scheduling module 222, etc. The technologies 
can be linked virtually through the system 10, e.g., through a 
central interface and processor residing in the OR analysis 
module 234. The system 10 can be configured to manage and 
display the inputs and outputs of each technology on a com 
mon display and input device, or they can be physically 
combined into one central unit, where each technology physi 
cally plugs in to the unit in a rack system or comes as an 
integrated part of the system from the manufacturer. This 
physically integrated unit can allow for simplification of sys 
tems and/or allow for a reduction in the amount of wires and 
carts in the OR, and can be scaled in the number of technolo 
gies present as needed, or technologies can be added using 
plug-and-play technology to meet the needs of the Surgical 
case or location of the unit. The technologies can be config 
ured to interface through a standardized operating system of 
the system 10 that can allow seamless compatibility and 
integration of newly developed or applied technologies. 
0270 
0271 The personnel tracking module 236 can provide 
users of the system 10 with an interface for managing and 
tracking medical personnel involved in a Surgical procedure. 
As mentioned above, one or more medical personnel present 
in the OR can be registered and tracked, such as a Surgeon, 
first assistance, Scrub tech, and any other Surgical staff. In an 
exemplary embodiment, the medical personnel can be 
tracked throughout the Surgical procedure Such that at any 
given time during the procedure (including when the patient 
may not necessarily be present, Such as during setup and clean 
up), the personnel tracking module 236 can be configured to 
gather data regarding medical personnel present in the OR. 
The personnel tracking module 236 can therefore be config 
ured to determine which and how many medical personnel are 
present in the OR at any given time and how long each of the 
medical personnel are present in the OR during the Surgical 
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procedure. In an exemplary embodiment, medical personnel 
are registered and tracked by the personnel tracking module 
236, and Surgical instruments are registered and tracked by 
the equipment tracking module 232, thereby helping to pro 
vide a more complete picture of the Surgical procedure for 
analysis, which can help improve performance of future Sur 
gical procedures. 

0272. The medical personnel can be registered and tracked 
in a variety of ways, similar to that discussed above regarding 
equipment tracking by the equipment tracking module 232, 
Such as by using one or more of optical and/or infrared cam 
eras in the OR, Smart clothing monitors, sensors in instru 
ments, motion capture, and body sensors. Non-limiting 
examples of types of personnel data that the personnel track 
ing module 236 can be configured to gather include physi 
ological data (e.g., heart rate, eye movement, time to perform 
each step in a Surgical procedure, body temperature (e.g., via 
infrared measurement, laser measurement, contact sensors, 
etc.), posture, fatigue, effort/force applied to instruments 
(e.g., as indicators of stress), etc.), an identification of which 
and how many medical personnel are present in the OR at any 
given time, how long each medical personnel member is 
present during the Surgical procedure, number of personnel 
changes, personnel injury, radiation exposure (e.g., without 
medical personnel each having to wear a radiation monitoring 
device such as a dosimeter), etc. The personnel data can relate 
to patient outcome, as analyzed by the post-op module 206 
discussed further below, so gathering and analyzing person 
nel data can help hospitals plan better (e.g., make changes to 
OR staff, leave more time between cases, schedule more 
frequent and/or longer breaks, etc.) and achieve better patient 
outcomes. The personnel data can also help indicate if par 
ticular staff are particularly skilled at a certain Surgical pro 
cedure and/or certain aspects of a Surgical procedure, which 
can help identify potential training candidates who can 
instruct others as to their technique. 
0273. The personnel tracking module 236 can be config 
ured to anticipate future personnel needs during a Surgical 
procedure and trigger an instruction to page, call, email, or 
otherwise request the presence of a specific type of medical 
staff member or a specific individual identified as being 
needed in the OR. The personnel tracking module 236 can be 
configured to determine which personnel will next be needed 
based on any number of factors, such as on previously gath 
ered data stored in the procedure database 316 and/or the 
products and procedures database 320 regarding previously 
performed Surgical procedures of a same type as the Surgical 
procedure being performed, on the Surgical procedure's pre 
op plan as indicated in a simulation saved in the procedure 
database 316, and/or on the flow of the surgical procedure 
performed thus far. The instruction can indicate an estimated 
amount of time before the requested personnel is needed in 
the OR. The personnel tracking module 236 can thus allow 
medical personnel to maximize use of their time outside the 
OR by being called to the OR when they are needed. In other 
words, unnecessary wait time outside the OR can be mini 
mized. Unexpected Scenarios arising during the Surgery that 
require additional medical personnel can also be more 
quickly addressed by the personnel tracking module 236 
being configured to request additional medical personnel in 
real time without anybody currently present in the OR having 
to leave the OR or even free their hands or leave their current 
location in the OR. 
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0274 The tracking of personnel can be used as a reminder 
to staff to continue to use standard infection prevention meth 
ods. For example, patient interactions can be monitored Such 
that when moving from one room to another a reminder (e.g., 
a blinking light on a wrist band, etc.) can activate to make the 
staff aware that hand washing and/or other appropriate infec 
tion prevention methods are suggested. 
0275 Similar to that discussed above regarding the equip 
ment tracking module 232, the personnel tracking module 
236 can be configured to determine when a non-sterilized 
personnel member has breached the sterile field of the OR, 
e.g., by registering the personnel member and identifying the 
instrument as not being noted in the ethnography database 
326 as having passed through sterilization, and if so, to trigger 
an alert to user(s) of the system 10 in the OR. 
0276. The personnel tracking module 236 can communi 
cate with the scheduling module 222 to help drive OR per 
sonnel flow in multiple ORs and allow for automatic resched 
uling if medical personnel become unavailable due to, e.g., an 
unexpected duration of a Surgical procedure. The personnel 
tracking module 236 can thus also allow for more efficient 
determination of when to start prepping patient, transferring 
them etc. based on personnel availability. This can lead to the 
development of cost per hour of OR time, and/or the tracking 
of how the efficiencies reduce the OR time and therefore cost. 
The cost per hour of OR time and the efficiencies can be 
stored in the OR database 322 and/or the equipment database 
324. 

0277. The personnel tracking module 236 can be config 
ured to gather data regarding registered OR personnel even 
when the OR personnel are outside the OR and are not 
actively involved in a case. Non-limiting examples of "out 
side' data that the personnel tracking module 236 can be 
configured to gather include nutrition and energy level. Col 
lection of the “outside' data can help the system 10 determine 
if and how various factors affect case outcomes, and make 
recommendations for personal changes (e.g., changes in 
behavior, rest, nutrition, case scheduling, etc.) to improve 
outcomes. The personnel data can be made available by the 
system 10 only to the user about which the personnel data was 
gathered, which can help ensure privacy and help ensure that 
team morale is not affected, and/or the personnel data can be 
made available (anonymously or non-anonymously) to users 
other than the user about which the personnel data was gath 
ered, which can allow for more broad-based data trend analy 
S1S. 

(0278 Post-Op Module 
0279. The post-op module 206 can generally provide users 
of the system 10 with an interface for analyzing a performed 
Surgical procedure and managing patient post-op treatment. 
More particularly, the post-op module 206 can allow a sur 
geon to review data gathered and analyzed by the operation 
module 204 regarding Surgeries performed by the Surgeon, 
which can help a Surgeon evaluate his/her performance for 
efficiency, future improvements, etc., and/or can help a hos 
pital or other care facility evaluate Surgery logistics Such as 
personnel needs, Surgical instrument inventories, OR use 
times, etc. The post-op module 206 can also analyze the data 
gathered and analyzed by the operation module 204 to help 
improve future recommendations of the diagnosis and treat 
ment module 200 regarding effective treatments, and/or help 
improve future recommendations of the pre-op module 202 
regarding simulated Surgeries using instruments and/or per 
Sonnel similar to previously performed Surgeries. The post-op 



US 2014/008 1659 A1 

module 206 can also suggest post-op treatment options for the 
patient and can manage the patient's post-op treatment. In this 
way, the post-op module 206 can be configured to assist with 
post-op planning and analysis through a continuum from an 
end of Surgery to the patient's discharge instructions. The 
post-op module 206 can be configured to compares physical, 
functional, HRQOL, and health economic data describing an 
actual outcome to predicted values for each parameter that 
were predicted by the pre-op module 202 during planning. 
The post-op module 206 can be configured to detect and 
analyze any variances and can be configured to modulate 
future predictive models using the detected and analyzed 
variances. 
0280. In one embodiment, the post-op module 206 can be 
implemented using one or more web pages which are config 
ured to receive user input and present information to a user. In 
an exemplary embodiment, both patients and medical practi 
tioners can access at least a portion of the post-op module 206. 
0281. The post-op module can be used as an educational 
tool for potential patients with regard to the expectations of 
post-operative care, post-operative pain, etc. 
0282. The post-op module 206 can include a surgery feed 
back module 238, a post-op treatment module 240, a post-op 
patient care module 242. Each of the modules 238,240, 242 
is discussed further below in turn. 
0283 As mentioned above, the post-op module 206 can be 
configured to read information from and write information to 
the post-op database 306. The post-op database 306 can 
include a treatment plan database 328. Various ones of the 
post-op module's component modules 238, 240, 242 can be 
configured to access one or more of the treatment plan data 
base 328 and/or various other databases, e.g., the diagnosis 
and treatment database 300, the pre-op database 302, the 
operation database 304, and the recovery database 308. The 
treatment plan database 328 is discussed further below in 
connection with the post-op module’s component modules 
238,240, 242. 
0284 Surgery Feedback Module 
0285. The surgery feedback module 238 can provide users 
of the system 10 with an interface for analyzing a performed 
Surgical procedure. In an exemplary embodiment, only medi 
cal administrators and medical personnel can access the Sur 
gery feedback module 238. Some aspects of the surgery feed 
back module 238. Such as video of the Surgery or comparison 
between the actual Surgical procedure and a pre-op plan, can 
be accessible to only the performing Surgeon, which can help 
prevent damage to team morale and help protect privacy. The 
surgery feedback module 238 can, however, be configured to 
allow the performing Surgeon to make aspects of the Surgery 
feedback module 238 that are accessible to only the perform 
ing Surgeon available to one or more other users of the system 
10, e.g., residents, insurance providers, etc., which can help 
facilitate training and/or billing. 
0286 Various types of data gathered and/or analyzed by 
the system 10 during and before a Surgical procedure can be 
displayed on a user interface and/or otherwise made available 
to users of the system 10. FIG. 27 illustrates an embodiment 
of a user interface 148 showing various types of data related 
to a previously performed Surgical procedure. The user inter 
face 148 shows three images of a Surgical site captured at a 
same time from three different perspectives provided by the 
navigation Software with actual post-op images of the implant 
placement. Another portion of the user interface 148 (top 
right quadrant) shows a patient X-ray of the Surgical site. By 
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allowing the user to view different data and to compare the 
pre-op planned placement with the actual post-op result 
simultaneously, the user can better evaluate Success of the 
Surgical procedure, including compliance of the Surgery with 
the pre-op plan. 
0287. Different types of data can be displayed to a user 
other than the information shown on the user interface 148, 
Such as time durations of certain steps of the Surgical proce 
dure, a total time duration of the Surgical procedure, informa 
tion gathered by the equipment tracking module 232 regard 
ing equipment used in the Surgical procedure, information 
gathered by the personnel tracking module 236 regarding 
personnel involved with the Surgical procedure, a saved pre 
op simulation, still or moving image data of all or a portion of 
the Surgical procedure captured by the procedure analysis 
module 230, tissue removal data gathered by the procedure 
analysis module 230, pre-op images of the patient stored in 
the diagnosis database 310, the patient’s pre-op treatment 
compliance stored in the treatment database 312, etc. The 
surgery feedback module 238 can thus allow each user to 
evaluate performed Surgical procedures in a way most infor 
mative and useful for that particular user. 
0288 For non-limiting example, a hospital administrator 
may be concerned with personnel issues to help plan future 
scheduling of personnel for future Surgeries, so the hospital 
administrator may request that the Surgery feedback module 
238 provide personnel data gathered during the Surgical pro 
cedure by the personnel tracking module 236 but not other 
data gathered by the operation module 204 during the surgical 
procedure. The hospital administrator may thus be able to 
determine various personnel issues from the performed Sur 
gical procedure and/or from a plurality of performed Surgical 
procedures, such as which types of medical personnel may be 
redundant in a certain type of Surgical procedure, which types 
of medical personnel should be scheduled at certain times for 
certain Surgeries, whether any particular medical staff mem 
ber is involved with over 'X' number of failures, etc. 
0289 For another non-limiting example, the performing 
Surgeon may be most concerned with tracking of the actual 
Surgical procedure against the pre-op plan and may thus 
request a report from the surgery feedback module 238 indi 
cating deviations of the actual Surgical procedure against the 
pre-op plan. The deviations can be presented as percentage 
compliance with respect to factors such as goal outcomes, 
time differences, differences in Surgical instruments used, 
differences in angles of trajectory, differences in patient blood 
loss, measures against validated procedures (e.g., measures 
against defined steps that have been shown over time to be 
effective Surgical steps through the continual analysis of 
patient outcomes proving the Superior efficacy and safety of 
these defined steps), etc., so the Surgeon can make decisions 
Such as possible changes to make in future Surgical proce 
dures, requests for additional educational materials to be 
available for future Surgical procedures, issues to address in 
the patient’s post-op treatment, notes for possible follow-up 
Surgery, etc. 
0290 For another non-limiting example, an insurance 
administrator may be concerned with a Surgeon’s compliance 
with validated procedures and/or specific measures Such as 
reduced re-operations or lower infection rates because the 
more a Surgeon follows validated procedures and complies 
with specific measures over time, the lower the Surgeon’s 
insurance rates could become because the Surgeon has been 
proven to follow validated procedures and complied mea 
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Sures. Similarly, the insurance administrator may be con 
cerned with a Surgeon’s Success rate because the higher a 
Surgeon’s Success rate, the lower the Surgeons insurance 
rates could become because the Surgeon has been proven to 
perform effective Surgeries. The insurance administrator may 
therefore request, e.g., a measures against validated proce 
dures report from the surgery feedback module 238 for review 
by the insurance administrator and/or an insurance carrier. 
The measures against validated procedures report can be cus 
tomized by user selection to be over a certain period of time 
for a certain Surgeon and/or a certain type of Surgery, to 
include the last “X” number of surgeries performed by a 
particular Surgeon or group of Surgeons at a particular hospi 
tal, etc. 
0291. The surgery feedback module 238 can be configured 
to generate one or more post-op reports Summarizing the 
Surgery performed. The report can be a brief, one page or less 
report showing a Snapshot of the Surgery, which can help 
quickly inform and/or remind medical practitioners of the 
Surgery performed on a patient and/or help a patient accu 
rately describe the surgery to third parties, such as their PCP. 
family members, and airport security (who may need, e.g., 
precise information regarding implants in the patient or medi 
cation prescribed to the patient). Each post-op report gener 
ated can be targeted to a particular user, such as the perform 
ing Surgeon, the patient’s PCP, or the patient. A post-op report 
generated for a medical practitioner Such as the performing 
surgeon or the patient’s PCP can include medically precise 
information regarding the surgery and/or the patient, such as 
the type of surgery performed, the medical devices implanted 
in the patient, date of the Surgery, the medications adminis 
tered to the patient, projected Success rate of the Surgery based 
on historic Success rates of the Surgery and the patients 
particular Surgery, etc. A post-op report generated for a 
patient can include information that is less medically precise 
than on a report for a medical practitioner, such as the medical 
devices implanted in the patient, date of the Surgery, type of 
procedure performed, list of medications administered during 
the procedure, a total time length of the procedure, a projected 
reimbursement by the patients insurance, name of and con 
tact information for the performing Surgeon, name of and 
contact information for the hospital or other facility at which 
the Surgery was performed, etc. Post Surgical results and 
metrics stored in the operation database 304 and/or in the 
recovery database 308, such as length of stay, infection rate, 
fusion rate, blood loss, etc., can be tracked by the hospital 
and/or Surgeon and can be used to drive patient awareness 
around quality of care and/or used with payers to help Support 
reimbursement negotiations. 
0292 Any of the modules discussed herein can be config 
ured to generate a report similar to the post-op report Sum 
marizing the data gathered and/or analyzed by the particular 
module, which can help keep medical practitioners and 
patients informed throughout the patient’s care. 
0293 Post-Op Patient Care Module 
0294 The post-op patient care module 242 can provide 
users of the system 10 with an interface for managing and 
analyzing a patients in-hospital post-Surgery care. The post 
op patient care module 242 can be configured to provide one 
or more one or more recommended post-op care options 
based on the efficacy of the Surgery as analyzed by the Surgery 
feedback module 238 and/or as indicated by manual input 
from the performing Surgeon and/or other user of the system 
10. None, some, or all of the recommended post-op care 
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options can be followed, but by providing a full range of 
post-op care options, the post-op patient care module 242 can 
help prevent any post-op care decisions from being over 
looked or under-appreciated for a particular patient. Non 
limiting examples of post-op care options can include medi 
cation types and frequencies of dosage, length of post-op 
hospital stay, appropriate hospital unit for patient stay post 
Surgery, appropriate diet for post-op hospital stay, frequency 
of vital sign measurements, and post-op imaging (X-rays, CT 
Scan, etc). 
0295 The post-op patient care module 242 can be config 
ured to determine post-op care options in a variety of ways. 
Similar to that discussed above regarding the treatment 
options module 212 and the treatment database 312, the post 
op patient care module 242 can be configured to compare 
pre-op and op data for a particular patient with post-op care 
options stored in the treatment plan database 328 and deter 
mine which of the plurality of possible post-op care options 
are associated with the patient's diagnosis (as stored in the 
diagnosis database 310), the patient’s demographics (as 
stored in the diagnosis database 310), the patients current 
level of radiation exposure, the patient’s care provider (as not 
all care options may be available at the patient’s current 
location, so transfer of the patient may be appropriate as part 
of the patient’s post-op care), the type of Surgery performed 
on the patient (as stored in the treatment database 312 and/or 
the products and procedures database 320), and/or the sur 
gery’s effectiveness (as stored in the treatment database 312 
and/or the products and procedures database320). The post 
op patient care module 242 can be configured to cause a 
display screen to show a list of the possible post-op care 
option(s). The possible post-op care option(s) can be pro 
vided to the user with a caution that the possible post-op care 
option(s) are preliminary only and that the user should con 
sider the patient's circumstances in determining a post-op 
care plan. The possible post-op care option(s) can be provided 
to the user with historic success rates of each of the possible 
post-op care option(s). The historic Success rates can be 
stored in the treatment plan database 328 for each of the 
post-op care options and can be manually entered. Alterna 
tively or in addition, the historic Success rates can be based on 
data collected by the system 10 regarding a plurality of 
patients such that the system 10 can act as a feedback loop 
system in which previously collected data regarding post-op 
care treatments received by actual patients can inform post-op 
care options for future patients. The possible post-op care 
option(s) can be provided to the user with educational 
resources for at least one of the options, e.g., links to infor 
mational web pages stored in the system 10 (e.g., in the 
treatment plan database328), links to third party educational 
websites, lists of or links to journal articles or books, links to 
medical device product brochures (e.g., brochures stored 
electronically in the system 10), etc. 
0296. In some embodiments, the post-op patient care 
module 242 can provide coding and reimbursement informa 
tion for each of the Suggest post-op care options. Providing 
Such information can facilitate educated decision-making 
about which of the post-op care options to pursue (if any). 
0297. By Suggesting post-op care option(s) to a user, the 
post-op patient care module 242 can allow the user to receive 
and analyze information that may be outside their area of 
medical expertise. The post-op patient care module 242 can 
allow the user to become quickly informed about unfamiliar 
aspects of the patient’s case (e.g., a specific abnormal Surgical 
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outcome or with a particular new medication) by recommend 
ing particular post-op care options to address unfamiliar as 
well as familiar aspects of the patient's case, which can facili 
tate swift, effective treatment of the patient and/or facilitate 
education of the user and the user's colleagues to which the 
user may discuss the unfamiliarities. 
0298 Post-Op Treatment Planning Module 
0299 The post-op treatment planning module 240 can 
provide users of the system 10 with an interface for receiving 
one or more post-op treatment plan options based on the 
post-op care of the patient and on the efficacy of the Surgery 
as analyzed by the surgery feedback module 238 and/or as 
indicated by manual input from the performing Surgeon and/ 
or other user of the system 10. None, some, or all of the 
recommended post-op treatment plan options can be fol 
lowed, but by providing a full range of post-op treatment plan 
options, the post-op treatment planning module 240 can help 
prevent any post-op treatment decisions from being over 
looked or under-appreciated for a particular patient. Non 
limiting examples of post-op treatment plan options can 
include medication types and frequencies of dosage, type and 
duration of physical therapy, type and duration of occupa 
tional therapy, at-home exercise types and frequency, appro 
priate timing of follow-up doctor visits, and appropriate at 
home diet. 

0300. The post-op treatment planning module 240 can be 
configured to determine post-op treatment plan options in a 
variety of ways. In an exemplary embodiment, the treatment 
plan database 328 can include a plurality of possible post-op 
treatment options, each of the possible post-op treatment 
options being associated with at least one possible diagnosis. 
This post-op treatment options data can be organized in any 
way, such as in a table. Similar to that discussed above regard 
ing the treatment options module 212 and the treatment data 
base 312, and the post-op patient care module 242, the post 
op treatment planning module 240 can be configured to 
compare pre-op data, op data, and post-op care data for a 
particular patient with post-op treatment options stored in the 
treatment plan database 328 and determine which of the plu 
rality of possible post-op treatment options are associated 
with the patient’s diagnosis (as stored in the diagnosis data 
base 310), the patient’s demographics (as stored in the diag 
nosis database 310), the patient’s current level of radiation 
exposure, the patient's care provider (as not all care options 
may be available from the patient’s doctor), the patients 
post-op care, the type of Surgery performed on the patient (as 
stored in the treatment database 312 and/or the products and 
procedures database 320), and/or the surgery’s effectiveness 
(as stored in the treatment database 312 and/or the products 
and procedures database 320). 
0301 The post-op treatment planning module 240 can be 
configured to cause a display screen to show a list of the 
possible post-op treatment option(s). The possible post-op 
treatment option(s) can be provided to the user with a caution 
that the possible post-op treatment option(s) are preliminary 
only and that a user should consider the patient’s circum 
stances in determining a post-op treatment plan. The possible 
post-op treatment option(s) can be provided to the user with 
historic Success rates and/or with projected outcome sce 
narios of each of the possible post-op treatment option(s). The 
historic Success rates can be stored in the treatment plan 
database 328 for each of the post-op treatment options and 
can be manually entered. Alternatively or in addition, the 
historic Success rates can be based on data collected by the 
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system 10 regarding a plurality of patients such that the sys 
tem 10 can act as a feedback loop system in which previously 
collected data regarding post-op treatments received by 
actual patients can inform post-op treatment options Sug 
gested to future patients. The possible post-op treatment 
option(s) can be provided to the user with educational 
resources for at least one of the options, e.g., links to infor 
mational web pages stored in the system 10 (e.g., in the 
treatment plan database328), links to third party educational 
websites, lists of or links to journal articles or books, links to 
medical device product brochures (e.g., brochures stored 
electronically in the system 10), etc. The projected outcome 
scenarios can be based on one or more factors, such as historic 
outcomes, the patient’s demographics, the patients lifestyle, 
the patient’s compliance with pre-surgery treatment as gath 
ered by the treatment compliance module 216 and stored in 
the treatment database 312, etc. 
0302) In some embodiments, the post-op treatment plan 
ning module 240 can provide coding and reimbursement 
information for each of the Suggest post-op treatment options. 
Providing Such information can facilitate educated decision 
making about which of the post-op treatment options to pur 
Sue (if any). 
0303. The possible treatment options suggested by the 
post-op treatment planning module 240 can include non 
Surgical treatment options (e.g., diet adjustments, exercise 
regimens, medications, etc.) and Surgical treatment options 
(e.g., specific Surgical procedures). In an exemplary embodi 
ment, only non-surgical treatment(s) can be initially Sug 
gested to a user of the system 10. In this way, a conservative 
treatment can be pursued before a more radical, typically 
more costly treatment Such as follow-up Surgery is pursued. If 
one or more of the non-Surgical treatments are pursued and 
are determined to unsatisfactorily address a patient’s problem 
(S), then the post-op treatment planning module 240 can be 
configured to suggest one or more Surgical treatment options. 
The post-op treatment planning module 240 can be config 
ured to Suggest the one or more Surgical treatment options 
upon request by a user, e.g., when a medical practitioner 
requests non-conservative treatment options for a particular 
patient, and/or can be configured to suggest the one or more 
Surgical treatment options when a trigger event occurs, e.g., 
after a predetermined threshold amount of time passes from 
commencement of a non-surgical treatment for a patient after 
which the patient has not shown a predetermined amount of 
improvement. By way of non-limiting example, the post-op 
treatment planning module 240 can be configured to analyze 
data gathered by the recovery module 208, discussed further 
below, and determine whether the patient’s mobility has 
improved by a certain degree after a certain amount of time as 
indicated by reported pain levels and/or analysis of captured 
images. Before the post-op treatment planning module 240 
Suggests one or more Surgical treatment options following 
determination that a non-Surgical treatment is not achieving a 
desired outcome, the post-op treatment planning module 240 
can be configured to first suggest one or more other non 
Surgical treatments. 
0304 By Suggesting treatment option(s) to a user, the 
post-op treatment planning module 240 can allow the user to 
receive and analyze information that may be outside their area 
of medical expertise, similar to that discussed above regard 
ing the treatment options module 212 and the post-op patient 
care module 242. 
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0305 Recovery Module 
0306 The recovery module 208 can generally provide 
users of the system 10 with an interface for managing and 
evaluating a patient's recovery from Surgery. More particu 
larly, the recovery module 208 can allow a patient to monitor 
and manage their post-Surgery recovery, such as to record 
personal data (e.g. pain levels, mobility, time to return to 
work, compliance with medication, compliance with physical 
therapy, etc.) and compare their recovery progress against 
their personal targets and/or against others having similar 
demographics to the patient. The recovery module 208 can 
also allow medical professionals to review data gathered and 
analyzed by the recovery module 208 regarding the patients 
post-Surgery recovery, which can help the medical profes 
sionals monitor the patient's progress and provide the patient 
with updated and/or revised recovery planning tools and/or 
recovery activities to help the patient maximize recovery 
potential. The recovery module 208 can also analyze the data 
gathered regarding the patient's recovery from Surgery to 
help improve future recommendations of the post-op module 
206 regarding effective recovery options for patients having 
similar demographics to the patient. 
0307. In one embodiment, the recovery module 208 can be 
implemented using one or more web pages which are config 
ured to receive user input and present information to a user. In 
an exemplary embodiment, both patients and medical practi 
tioners can access at least a portion of the recovery module 
208. 

0308 The recovery module 208 can include a patient 
monitoring module 244 and a efficacy analysis module 246. 
Each of the modules 244, 246 is discussed further below in 
turn 

0309 As mentioned above, the recovery module 208 can 
be configured to read information from and write information 
to the recovery database 308. The recovery database 308 can 
include a patient targets database 330 and a Surgery targets 
database 332. Various ones of the post-op module’s compo 
nent modules 244, 246 can be configured to access one or 
more of the patient targets database 330, the Surgery targets 
database 332, and/or various other databases, e.g., the diag 
nosis and treatment database 300, the pre-op database 302, 
the operation database 304, and the post-op database 306. The 
patient targets database 330 and the Surgery targets database 
332 are discussed further below in connection with the recov 
ery module’s component modules 244, 246. 
0310 Patient Monitoring Module 
0311. The patient monitoring module 244 can provide 
users of the system 10 with an interface for monitoring and 
managing their post-Surgery recovery. Similar to the treat 
ment compliance module 216, the patient monitoring module 
244 can provide users of the system 10 with an interface for 
tracking patient compliance with a post-op treatment plan. 
The post-op treatment plan can be one of the Suggested treat 
ment options suggested by the post-op treatment plan module 
240, can be one of the Suggested treatment options suggested 
by the post-op treatment plan module 240 as modified by a 
medical practitioner, or can be a treatment plan entered into 
the system 10 by a medical practitioner without assistance of 
the post-op treatment plan module 240. The post-op treatment 
plan can be stored in the treatment plan database 328. The 
patient monitoring module 244 can thus allow monitoring 
and management of a patient's post-op treatment, which can 
help the patient's doctor evaluate the patient’s progress and/ 
or can help determine whether and when modifications to the 
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post-op treatment plan may be necessary, either adjustment of 
the post-op treatment plan (e.g., changing dietary require 
ments, changing a frequency of doctor check-ups, etc.) or 
replacement of the post-op treatment plan (e.g., a non-Surgi 
cal treatment) with another treatment plan (e.g., a Surgical 
treatment). 
0312 Patients and users other than patients can submit 
data to the patient monitoring module 244 for storage in the 
treatment plan database 328. Data can therefore be received 
by the patient monitoring module 244 whether the patientis in 
or not in a medical setting and can be received throughout the 
patient's post-op treatment and not just when the patient visits 
or consults a medical practitioner. More accurate and more 
timely data regarding post-op treatment plan compliance can 
therefore be gathered and analyzed. Users can Submit data to 
the patient monitoring module 244 similar to that discussed 
above regarding Submission of data to the diagnosis module 
210 and to the treatment compliance module 216. 
0313 Data can be provided to the patient monitoring mod 
ule 244 actively by the patient and/or other users entering the 
data manually, or data can be provided passively, e.g., through 
the use of sensors or devices autonomously collecting data 
defined as a part of the post-op treatment plan. Examples of 
devices and sensors used to collect the passive data include 
Smartphone or tablet integrated devices (e.g., cameras, gyro 
Scopes, accelerometers, global positioning systems, etc.), 
skin patches (such as patches available from MC10 Inc., etc.), 
Smart clothing with integrated sensors, and implants with 
integrated sensors (e.g., integrated sensors available from 
CardioMEMS, Inc.). Examples of the passive data include 
range of motion, movement tracking, posture, pain levels, 
bone fusion measures, medication consumption, heart rate, 
pulse, sleep patterns, etc. 
0314. The application and location of material applied or 
delivered to the patient can be tracked by the patient moni 
toring module 244. For example, the intraoperative location 
of an implant, e.g., a spinal interbody fusion implant, can be 
recorded and compared to data recorded post-operatively or 
at follow-up visit(s) to determine if the implant is trending to 
be move or migrating to an undesirable position. Prior to 
catastrophic outcomes, the patient's rehabilitation regime can 
be re-directed and/or a revision Surgery can be performed. 
Additionally, an implant can be configured to be adjusted 
from outside the patient without re-operation through, e.g., 
radi signals and the use of rare earth magnets built into the 
implant, which can allow implant height or lordosis to be 
adjusted in order to compensate for movement of the implant 
or Subsidence. The expansion of the implant can help to 
restore lordosis, balance, or decompression, for example. 
0315 Also similar to that discussed above regarding the 
treatment compliance module 216, the patient monitoring 
module 244 can be configured to analyze received compli 
ance data to determine a compliance level and/or a success 
rate of the treatment overall and/or per symptom, can be 
configured to compare received post-op treatment compli 
ance data for a patient with historic compliance data for other 
patients who underwent similar post-op treatment to help 
determine the effectiveness of the treatment for the patient, 
and can be configured to receive data Submitted by patients 
and users other than patients for storage in the treatment plan 
database328. Users can submit data to the patient monitoring 
module 244 similar to that discussed above regarding Sub 
mission of data to the diagnosis module 210 and the treatment 
compliance module 216. The analysis and/or comparison 
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performed by the patient monitoring module 244 can con 
sider data regarding the patient's specific post-op recovery 
targets as stored in the patient targets database 330, and/or can 
consider data regarding post-op recovery targets for typical 
patients having received a same type of Surgery as the patient 
as stored in the Surgery targets database 332. 
0316 The patient monitoring module 244 can be config 
ured to provide a user with information regarding a patients 
post-op treatment plan, Such as by displaying post-op treat 
ment plan information on a device in communication with the 
system 10. Non-limiting examples of post-op treatment plan 
information that can be displayed on the device include 
reminders for upcoming post-op appointments (e.g., physical 
therapy appointments), reminders of dayS/times to take medi 
cation, percentage of overall compliance with the post-op 
treatment plan, reminders to upload data (e.g., video of exer 
cise, blood pressure and/or other vital sign reading, etc.), 
current list of symptoms and/or pain levels, etc. 
0317 FIG. 28 illustrates an embodiment of post-op treat 
ment plan display to a user 150 on a display device 152 in 
communication with the system 10. Although the display 
device 152 is a touch screen tablet in the illustrated embodi 
ment, the system 10 can communicate with other devices, as 
discussed above. Similarly, although the post-op treatment 
plan displayed on the display device 152 in the illustrated 
embodiment includes a calendarindicating days to take medi 
cation and a graph indicating overall compliance with the 
post-op treatment plan, any combination of different types of 
information can be shown on a display device in communi 
cation with the system 10. The displayed information can be 
customized by a user so that the user can receive the most 
relevant information for their particular post-op treatment 
plan. Providing feedback on a post-op treatment plan to a 
patient undertaking the plan can help encourage the patients 
compliance with the plan because progress can be continu 
ally, visibly observed, and because healing and resumption of 
normal activity can be shown as an obtainable goal. 
0318. Efficacy Analysis Module 
0319. The efficacy analysis module 246 can provide users 
of the system 10 with an interface for reviewing data gathered 
and analyzed by the recovery module 208 regarding the 
patient's post-Surgery recovery. Similar to that discussed 
above regarding the treatment compliance module 216, the 
patient monitoring module 244 can be configured to continu 
ally analyze received data to help determine the efficacy of a 
particular patient's post-op treatment plan in achieving the 
desired functional outcome, and/or to help monitor the 
patient’s general health. This monitoring can be performed 
actively or passively methods, similar to that discussed above. 
The patient monitoring module 244 can thus determine that a 
particular patient's post-op treatment plan should be modified 
based on comparison of the effectiveness of the treatment 
plan in helping the patient reach their interim or final recovery 
targets set by their Surgeon and/or when compared to the 
aggregate of other patients’ data having similarities in mul 
tiple factors as determined by the system 10 for a high corre 
lation factor, Such as procedure type, patient age, bone den 
sity, spinal levels treated, etc. The patient monitoring module 
244 can learn from other patients’ experiences that the present 
patient's post-op treatment could benefit from a modification, 
e.g., perform a specific exercise once every other day instead 
of once daily, cease performance of a particular exercise, 
decrease salt intake, wear a knee brace 24/7 instead of only 
while sleeping, add or change medication type and dosage, 
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etc. Thus, the predicted outcome of rehabilitation and treat 
ment can be predicted for the patient if they continue thera 
pies that historical patients have followed. This can increase 
patient compliance to rehabilitation therapies if the patient 
can compare their performance to others that have had the 
same procedure and similar rehabilitation therapy. The 
patient monitoring module 244 can be configured to Suggest 
the modification of the patient’s treatment post-op plan to the 
patient’s care provider, e.g., by providing an alert to the care 
provider indicating that modification of the patient’s post-op 
treatment plan is recommended. The care provider can review 
the modification and determine whether to modify the 
patient's treatment plan. Alternatively, the patient monitoring 
module 244 can be configured to automatically modify the 
patient's post-op treatment plan and inform the patient via an 
alert as to the modified post-op treatment plan. Usually, how 
ever, a care provider would review a modification to check its 
appropriateness for the particular patient before the patient 
monitoring module 244 automatically modifies the patients 
post-op treatment plan and informs the patient of the change. 
Data regarding efficacy of the patient’s post-op treatment 
plan can be stored in the patient targets database 330. The care 
provider can compare treatment groups and redirect rehabili 
tation plans to those that have been determined to be most 
effective. 

0320. The efficacy analysis module 246 can be configured 
to capture the data collected in the operation module 204, the 
diagnosis and treatment module 200, and the operation mod 
ule 204 in order to generate a comprehensive data set for each 
patient. The efficacy analysis module 246 can be configured 
to aggregate these data sets with other patient data sets. The 
data collected can be of high enough value Such that when the 
data is combined using a sufficient quantity of patients, the 
result is a study that could be published in a peer-reviewed 
medical journal for the purpose of sharing the outcomes of a 
certain procedure or treatment type with a selected patient 
group. The efficacy analysis module 246 can be configured to 
analyze the collected data to determine variables that may 
enhance or reduce patient compliance, with insights used to 
modify patient compliance with one or more compliance 
enhancers such as reward programs and patient Support com 
munities. 

0321 
0322. As mentioned above, the systems and methods of 
using the systems described herein can be used through a 
medical treatment continuum of patient care. In an exemplary 
embodiment, the system can be provided throughout an 
entirety of the treatment continuum of patient care, thereby 
maximizing opportunities for data collected during various 
portions of the continuum to be used in informing determi 
nations made in any one or more other portions of the con 
tinuum. The system can, however, be provided for only a 
partial portion of the continuum. The system can be flexibly 
implemented using any one or more modules thereof in any 
combination. The system can thus be configured to accom 
modate different monetary cost constraints, different avail 
abilities of computer infrastructure, and different end user 
needs. For example, only a diagnosis and treatment module of 
the system can be provided to facilitate diagnosing patients 
and determining treatments for the patients based on the 
diagnoses. For another example, only pre-op and post-op 
modules of the system can be provided to facilitate the plan 
ning and performance of Surgical procedures. 

System Use 
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0323 FIGS. 34A-42B illustrate exemplary embodiments 
of using the system 10 in various portions of the medical 
treatment continuum. Although the methods are illustrated 
with respect to the system 10 of FIG. 2, any of the systems 
disclosed herein can be similarly used. Also, although various 
ones of the methods are illustrated with respect to a spinal 
Surgical procedure, the systems disclosed herein can be used 
with respect to any type of Surgical procedure, as discussed 
above. 

0324 FIGS. 34A-34B illustrate an exemplary embodi 
ment of a use of the diagnosis and treatment module 200, and 
in particular the diagnosis module 210. FIG. 35 illustrates 
another exemplary embodiment of a use of the diagnosis and 
treatment module 200, and in particular the treatment options 
module 212. FIG. 36 illustrates another exemplary embodi 
ment of a use of the diagnosis and treatment module 200, and 
in particular the treatment compliance module 216. FIG. 37 
illustrates another exemplary embodiment of a use of the 
diagnosis and treatment module 200, and in particular the 
treatment compliance module 216. FIG. 38 illustrates an 
exemplary embodiment of a use of the pre-op module 202, 
and in particular the Surgical procedure planning module 218. 
FIGS. 39A-39C illustrate another exemplary embodiment of 
a use of the pre-op module 202, and in particular the Surgical 
procedure planning module 218. FIG. 40 illustrates another 
exemplary embodiment of a use of the pre-op module 202, 
and in particular the scheduling module 222 and the patient 
preparation module 224. FIGS. 41A-41C illustrate an exem 
plary embodiment of a use of the operation module 204, and 
in particular the procedure analysis module 230. FIGS. 42A 
42B illustrate another exemplary embodiment of a use of the 
operation module 204, and in particular the equipment track 
ing module 232 and the personnel tracking module 236. 

CONCLUSION 

0325 One skilled in the art will appreciate further features 
and advantages of the invention based on the above-described 
embodiments. Accordingly, the invention is not to be limited 
by what has been particularly shown and described, except as 
indicated by the appended claims. All publications and refer 
ences cited herein are expressly incorporated herein by ref 
erence in their entirety. 
What is claimed is: 
1. A medical system, comprising: 
a processor configured to: 

receive treatment plan data regarding a plurality of 
patients, the treatment plan data including a plan of 
medical treatment corresponding to each of the 
patients, each of the plans having associated therewith 
at least one medical diagnosis in common with all of 
the plans; 

determine effectiveness of each of the plans; 
determine a Suggested plan of medical treatment for a 

patient based on the determined effectiveness, the 
patient having the at least one medical diagnosis; and 

provide the Suggested plan to a user. 
2. The system of claim 1, wherein the processor is config 

ured to receive compliance data regarding compliance of the 
patients with their corresponding plans; and 

determining the effectiveness includes determining based 
on the compliance data an extent of each patient’s com 
pliance with their corresponding plans. 
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3. The system of claim 2, wherein determining the Sug 
gested plan includes choosing at least a one of the plans 
having a highest level of compliance. 

4. The system of claim 1, wherein the plans for a first subset 
of the patients include a non-Surgical treatment, the plans for 
a second Subset of the patients include a Surgical treatment, 
and determining the Suggested plan includes comparing out 
comes of the non-Surgical treatments with outcomes of the 
Surgical treatments. 

5. The system of claim 4, wherein determining the Sug 
gested plan includes choosing at least a one of the plans 
having a best outcome among the Surgical treatments and the 
non-Surgical treatments. 

6. The system of claim 1, wherein determining the effec 
tiveness includes determining an effect of each of the plans on 
the at least one medical diagnosis, and determining the Sug 
gested plan includes choosing at least a one of the plans 
having a most desired effect on the at least one medical 
diagnosis. 

7. The system of claim 1, wherein the processor is config 
ured to receive performance data regarding performances of 
Surgical procedures included in each of the plans that include 
performance of the Surgical procedure as at least part of the 
medical treatment; and 

determining the effectiveness includes choosing at least a 
one of the plans based at least on the performance data. 

8-17. (canceled) 
18. A medical system, comprising: 
a storage unit configured to: 

store a plurality of medical diagnoses, each of the diag 
noses having a plurality of patient-specific factors 
associated therewith, the patient-specific factors 
including at least symptoms, 

store a plurality of medical treatments, each of the treat 
ments having one or more of the medical diagnoses 
associated therewith, and 

storean effectiveness of each of the treatments as related 
to their associated one or more medical diagnoses; 
and 

a processor configured to: 
receive symptom data indicating a plurality of symp 
toms experienced by a patient, 

determine which one or more of the stored medical 
diagnoses are associated with the received plurality of 
symptoms, 

provide the determined medical diagnoses to a user, 
determine which one or more of the treatments are asso 

ciated with the determined medical diagnoses, and 
provide at least one of the determined treatments to the 

user, the at least one of the determined treatments 
having the highest effectiveness associated therewith. 

19. The system of claim 18, wherein the stored effective 
ness for each of the treatments is based at least on compli 
ances of previous patients with a treatment plan associated 
with the treatment. 

20. The system of claim 18, wherein the stored effective 
ness for each of the treatments is based at least on an effect of 
the treatment on the one or more medical diagnoses associ 
ated therewith. 

21. The system of claim 18, wherein the stored effective 
ness for each of the treatments is based at least on an outcome 
a Surgical procedure included as part of the treatment. 

22. The system of claim 21, wherein the stored effective 
ness for each of the treatments is based at least on compli 
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ances of previous patients with a post-Surgery treatment plan 
associated with the Surgical procedure. 

23-30. (canceled) 
31. A medical system, comprising: 
a processor configured to: 

receive plan data regarding a virtual performance of a 
Surgical procedure on a patient; 

receive performance data regarding an actual perfor 
mance of the Surgical procedure on the patient, the 
performance data being received in real time with the 
actual performance of the Surgical procedure, and the 
virtual performance of the Surgical procedure having 
been performed prior to the actual performance of the 
Surgical procedure; 

determine if the plan data varies from the performance 
data; 

if the plan data is determined to vary from the perfor 
mance data, provide a warning to a user, the warning 
including an indication of the determined variance, 
and repeat the determining for Subsequent perfor 
mance data received in real time with the actual per 
formance of the Surgical procedure; and 

if the plan data is determined to not vary from the per 
formance data, repeat the determining for Subsequent 
performance data received in real time with the actual 
performance of the Surgical procedure. 

32. The system of claim 31, wherein the processor is con 
figured to receive plan data regarding a plurality of virtual 
performances of the surgical procedure on a plurality of 
patients; 

receive performance data regarding a plurality actual per 
formances of the Surgical procedure on the plurality of 
patients, the performance data being received in real 
time with the actual performances of the Surgical proce 
dures; 

determine if the plan data regarding the plurality of virtual 
performances varies from the performance data regard 
ing the plurality actual performances; 

determine if any one or more of the determined variances 
are a same type of variance; and 

provide a recommendation to a user performing another 
virtual performance of the Surgical procedure based on 
the one or more determined variances determined to be 
the same type of variance. 

33. The system of claim 31, wherein the indication of the 
determined variance includes a recommended course of 
action to match the actual performance of the Surgical proce 
dure to the virtual performance of a Surgical procedure. 

34. (canceled) 
35. The system of claim 31, wherein a type of the received 

performance data comprises at least one of data regarding 
movement of a Surgical instrument being used in the actual 
performance of the Surgical procedure, movement of staff 
present for the actual performance of the Surgical procedure, 
patient vital signs, identification of a Surgical instrument 
being used in the actual performance of the Surgical proce 
dure, identification of staff present in the actual performance 
of the Surgical procedure, an amount of tissue retraction, a 
duration of tissue retraction, and one or more real time images 
of the patient acquired during the actual performance of the 
Surgical procedure; and 
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a type of the received plan data corresponds to the type of 
the received performance data. 

36. The system of claim 31, wherein the determined vari 
ance comprises at least one of a Surgical instrument being 
moved relative to the patient than in the actual performance of 
the surgical procedure different than in the virtual perfor 
mance of the Surgical procedure, a Surgical implant being 
used in the actual performance of the Surgical procedure 
being implanted at a different location within the patient than 
the Surgical implant used in the virtual performance of the 
Surgical procedure, different radiation exposures in the actual 
performance of the Surgical procedure and the virtual perfor 
mance of the Surgical procedure, different lengths of tissue 
retraction time in the actual performance of the Surgical pro 
cedure and the virtual performance of the Surgical procedure, 
different pharmaceutical administration to the patient in the 
actual performance of the Surgical procedure than in the Vir 
tual performance of the Surgical procedure, a different num 
ber of staff being present in the actual performance of the 
Surgical procedure than a number of virtual staff present in the 
virtual performance of the Surgical procedure, a different 
duration of a step in the actual performance of the Surgical 
procedure than in the virtual performance of the Surgical 
procedure, a different Surgical instrument being used in a step 
of the actual performance of the Surgical procedure than in the 
virtual performance of the Surgical procedure, and a step 
performed in the virtual performance of the Surgical proce 
dure not having been performed in the actual performance of 
the Surgical procedure. 

37-45. (canceled) 
46. A medical system, comprising: 
a processor configured to: 

receive post-Surgery treatment plan data regarding a plu 
rality of patients, the post-Surgery treatment plan data 
including a plan of medical treatment corresponding 
to each of the patients, each of the plans having asso 
ciated therewith at least one Surgical procedure in 
common with all of the plans; 

determine an effectiveness of each of the plans; 
determine a Suggested plan of medical treatment for a 

patient based on the determined effectiveness, the 
patient having had the at least one Surgical procedure 
performed thereon; and 

provide the Suggested plan to a user. 
47. The system of claim 46, wherein the processor is con 

figured to receive compliance data regarding compliance of 
the patients with their corresponding plans; 

wherein determining the effectiveness includes determin 
ing based on the compliance data an extent of each 
patient’s compliance with their corresponding plans. 

48. The system of claim 47, wherein determining the Sug 
gested plan includes choosing at least a one of the plans 
having a highest level of compliance. 

49. The system of claim 46, wherein determining the effec 
tiveness includes determining an effect of each of the plans on 
at least one medical diagnosis, and determining the Suggested 
plan includes choosing at least a one of the plans having a 
most desired effect on the at least one medical diagnosis, the 
patient having been diagnosed with the at least one medical 
diagnosis. 

50-107. (canceled) 


