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Focused Topic
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Surgical Simulation Research Initiatives

Modeling and simulation is becoming an important 

technique for developing and testing medical 

equipment, training healthcare professionals, and 

conducting research on medical topics. This workshop 

will present some of the most current research efforts 

and  product developments in surgical simulation. 

The instructors will present work in simulators to 

support robotic surgery, digital tissue models, 

telesurgery, and a number of related technologies. The 

Nicholson Center for Surgical Advancement at Florida 

Hospital is bringing these technologies together to 

enable the delivery of certified education for surgeons 

and other healthcare professionals.



WARNING!
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You cannot explore surgical simulation without 

explicit pictures, video, and models of the 

human body, organs, blood, and other fluids. 

Images of all of these are included in this 

workshop. 
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Definitions



Open Surgery

ÅñAn open surgerymeans cutting skin and tissues so the surgeon has a 

direct access to the structures or organs involved. The structures and 

tissues involved can be seen and touched, and they are directly exposed 

to the air of the operating room.ò
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Minimally Invasive Surgery

ÅñA minimally invasive procedureis less invasive than open surgery used 

for the same purpose. It typically involves use of laparoscopic devices and 

remote-control manipulation of instruments with indirect observation of the 

surgical field through an endoscope or similar device, and is carried out 

through the skin or through a body cavity or anatomical opening. ñ
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Laparoscopic Surgery

ÅñA type of minimally invasive surgery in which a small incision is made in 

the abdominal wall through which an instrument called a laparoscope is 

inserted to permit structures within the abdomen and pelvis to be seen. 

The abdominal cavity is distended and made visible by the instillation of 

absorbable gas, typically, carbon dioxide.ò
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Robotic Surgery

ÅñRobot-assisted surgery was developed to overcome limitations of 

minimally invasive surgery. Instead of directly moving the instruments the 

surgeon uses a computer console to manipulate the instruments attached 

to multiple robot arms. The computer translates the surgeonôs movements, 

which are then carried out on the patient by the robot.ò
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Unique Challenges



Classic Military Simulation Elements
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Live Virtual

Constructive Games



Civilian Surgical Simulation Elements
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Live Virtual

Constructive VR/Game Tech
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Transferable Experience

Leader

Team

Individual

Commander & Staff

Vehicle Crew

Infantry

Medical Resource Manager

OR Team

EMT
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Transferable Expertise

Similarities

Leadership: 

Manage Resources, Measure Performance, Provide Feedback

Team: 

Hand/Eye/Mind Coordination, Teamwork, Emotional Response, Situational Learning

Individual: 

Diagnosis, Sustainment, Repair, Routing

Differences

Materials: 

Hard Steel vs. Soft Tissue

Behaviors: 

Heal vs. Destroy, Tissue Response



Modeling the World

14

Hard Objects
tanks, helos, ships

Fluid Dynamics
water, air flow

Human Body
living

tissue
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Left & Right of the Blast
Dr. Joe Rosen, Dartmouth Medical School

BlastLeft of the Blast Right of the Blast

Combat Simulations Medical Simulations

Learn to be successful in battle Recovering from the outcome of battle

Cusp of Mortality

For a Young Soldier



The Surgical Pilot



Eliminating Errors and Creating Experts
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10,000 hours to become an expert

Must it all be done on human subjects?



Human Animal Box Trainer

Part Task Mannequin VR/Game Tech

Training Technology Options



Learn on 

humans: 

Living 

patients, the 

newly dead, 

and cadavers

Learn on 

animals: 

Living and 

newly dead 

pigs, cats, 

and others

Learn on 

organs in a 

box: 

Human-

shaped box 

contains 

organs, 

tissue, or test 

devices

Learn on a 

physical 

replica: 

A full-body 

device with 

synthetic 

skin, organs, 

and fluids

Learn on an 

animated 

machine: 

Includes 

computer, 

hydraulics, 

pneumatics, 

and electrical 

responses

Learn on 

computer 

images: 

Mathematical 

models, 

visual 

images, 

sounds, and 

some tactile 

feedback

Human Animal Box Trainer Mannequin Simulation VR/Game

Advantage

Exact Replica,

Existing OR

Advantage

Similarities,

Availability

Advantage

Availability,

Convenience,

Human Shape

Advantage

Human Shape,

Logistics

Advantage
Rich Experience,

Multi-Function,

Programmable

Advantage
Rich Experience,

Flexibility,

Low Cost

Disadvantage

Scarcity,

Single Use,

Ethical Issues

Disadvantage

Anatomy,

Single Use,

Social Mores

Disadvantage

Not Alive,

Single Use,

Animal Organs

Disadvantage

Static,

Lacks Realism

Disadvantage

High Cost,

Complexity

Disadvantage

Screen-barrier,

Non-tactile

Examples

Cadavers

Live Patients

Examples

Porcine Labs

Examples

MIC-Trainer

Examples

CPR Annie

Examples

Sim One

HPS

Examples

MIST-VR

LapSim



Components of a Surgical Simulator (Harders, 2008)
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Clinical 

Expertise

Model 

Generation Vascular 

Structures

Bleeding 

Simulation

Tissue Cutting

Tissue 

Deformation

Collision 

Detection Fluid 

Simulation

Immersive OR

Haptic

Interface

Organ 

Texturing

Tissue 

Parameters
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Motivation



Medical Education ïExplosion of Information

ÅMedical procedures are becoming 
more numerous and more complex ð
medical knowledge has 
òhypertrophiedó (Cooke, 2006)

ÅTraining residents to a common level 
of knowledge and competence is 
already impossible (Satava, 2008)

ÅSome procedures lend themselves 
well to computer-based training tools

ÅLaparoscopic surgery is especially 
amenable because of the 
intermediation of the camera, 
computer monitor, and long-rod 
effectors in surgery



ñThe Perfect Stormò (Murphy, 2007)

ÅRisk to patient health. (McDougall, 
2007)

ÅCost is a barrier to training. 
(Bridges, 1999)

ÅAvailability of training 
opportunities. (Birden, 2007; Davis, 1999)

ÅAccess to training. (Dunkin, 2007; 
Spitzer, 1997)

ÅLimited working hours. (Satava, 
2004)

ÅEthics of practicing on 
patients. (Satava, 2004; Murphy, 2007)

ÅExpectations around computer 
technologies. (Murphy, 2007)

ÅInsurance coverage of 
educational actions. (Satava, 2004)

ÅVolume of unique procedures. 

(Reznick & MacRae, 2006)

ÅComplexity of modern surgery. 
(McDougall, 2007)

ÅQuality of VR technology. 
(Murphy, 2007)

ÅProfessional Acceptance. (Ziv, 
2003)

ÅLearning from Mistakes. (Ziv, 2005)

ÅProficiency-based Medicine. 
(Murray, 2005)



Powerful Motivations

ÅMotive 1: Lower Cost 

ÅMotive 2: Better Access to Symptoms/Cases  

ÅMotive 3: Reduced Training Time

ÅMotive 4: Reduced Errors

Similar for Military, Industrial, and Medical Training



Motive 1: Lower Cost

ÅSurgery as a teaching event takes 
considerably longer. 

ÅTies up resources that could generate 
additional revenue. (Bridges & Diamond 1999)

ï Accumulates to 186 hours over a 4 year residency

ï Estimate operating room costs at $257.40 per 
hour. 

ÅAdds $47,970 to the cost of a medical 
education. 

ÅOther Cost Estimates
ï US operating room $1,500 per hour (Frost & Sullivan, 

2004) 

ï Swedish operating room $1,000 per hour 
(Hyltander, 2003) 

ïòOR costs $250 per 15 minutesó (Satava, 2008).

Å$186,363 to $279,545 during four year 
residency. 



Derived from Frost & Sullivan, 2004

Simulator ROI

Category Description Fixed Cost

Recurring Over 

Residency 

(4 Years)

After Residency 

(5th Year)

Total over 5 

Years

Investment AccuTouch Simulator (72,000) (18,664) 0 (90,664)

Time Savings Instructor time 23,040 0 23,040 

Additional Procedures 0 114,400 114,400 

Reduction in Errors Complications 0 0 0 

Cancellations 13,600 0 13,600 

Faster Time to 

Competence

Residents generating 

revenue 78,000 0 78,000 

Equipment Breakage

Reduction due to better 

training 5,428 5,428 10,856 

Other Financial 

Benefits

Reduction in alternative 

training 4,400 0 4,400 

Revenue from selling time on 

simulator 93,000 0 93,000 

Total Cost/Benefit (72,000) 198,804 119,828 246,632 



Motive 2: Better Access

ÅòThe traditional Halstedian apprenticeship model 
of ôsee one, do one, teach oneõ is no longer 
adequate to train surgeons, since good 
laparoscopic skills cannot be developed by 
merely watching an expert. Laparoscopic 
proficiency is only realized after sufficient 
practice in the minimally invasive environment. 
To this end, a variety of approaches have been 
developed to teach laparoscopic skills outside of 
the operating room; these methods include 
practicing on animal models or artificial tissues, 
training boxes, and virtual reality simulators.ó 
(Pearson et al, 2002)

ÅIn laparoscopy, òsee oneó does not contribute to 
the learning process. Learning begins with òdo 

oneó(Jordan et al, 2001; Gallagher et al, 2001b; Madan & Frantzides, 2007).


