oncrete?

Mostly) | WVivo Techniques for
Vieasuring SGE Tissue Properties

line muscle

I I - -ﬁ y

‘Mark P. Ottensmeyer, Ph.D.
Simulation Group, CIMIT, MGH

=y

CIMIT =] MASSACHUSETTS
S | M | G rO u p Innovative Technology for Medicine SENLASL S




Terzo%
m fiacialftissues, neck/hody muscles

Schill
m ophthalmic surg sim — deformation & tearing
Meglan
m generalizability, “prevenance”
m Top-down face validity requires redo for each new sim

Soft tissue model material parameters — how do you get them?
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ack hole

' image: National Geographic Picture
Atlas of Our Universe, 2"d ed., 1986

c. 2008: Harders, De, Ottensmeyer & friends!
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i E

5 L e
SV EEVEIVINESImulatieon Group

) - -
2

9EISICISCIENCE n%)of-of-concept systems for
"medical trRining threugh simulation

_|

ViUla*eISeIplinan/Aresearch team

."-‘_ x V.Dr(radiele@y), mech. eng., comp.sci.,
- Industfiall designer, fine: arts

CHEST TUBE PROCEOURE

Systolic Blood Pressure

l L A |f \!.%

>
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il

T e

I
S VGEHSAWINESImuiation Group

m| 19EEICSCIERNCE and| proof-ei-concept systems for
4 medic throughl simulation

SV 1) o= rJJJrjoJ [YAESEANCh team

VI. D (radiolepy), mech. eng., comp.sci.,
Industigali designer, fine arts
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i _____I
nE VI EEVEIVINESImulation Group

B IESICISCIERCENS mm-@f:concept systems for
-f medwh zllpllple gh simulation

NEVUWEdIsEIplinany/mesearnch team

~ u MLDI(radielegy), mech. eng., comp.sci.,
Industigali designer, fine arts

|

_EVE]
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. -
Simulation Group

m D ACErand proof-ei=concept systems for
medical trRaImarthreugh simulation

PliInaR/AESseanch team

m VI.DL((rad) ), mech. eng., comp.sci.,
nadu |'designer, fine arts

e S S
[ J N/
N A LY

MI'1

SITU

SITU kit components.
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_—
Etesting technigues & devices

| il axes?
COMpPlIIaNCE testers
EM@ 9nIc tEChNIgUES
m briefly%piercing

o ap_g@ons sprinkled in

B sUmmanRy & afew extra slides
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gm technigue
Tansion, camor iy Indentation, shear, aspiration

n RPUREcLUE cuting (sinng blade/seissors), crushing, fracture
x Nen-contact, Nen-invasive

SiAlIC/gUESI=Static (I9AGKHNG VISCosIty)
Vel Saiik

Soft Inpact; 1
Higpﬁn Impact, ultraseund response
m Strain Iz linear to non-linear material and geometric domain
Tissue type
m Solid organ (liver, kidney, brain, muscle...)
m Hollow organ (intestine, stomach, bladder, vessels...)
m Structural (bone, cartilage, tendon, ligament...)
m Others?
Application
m Surgical simulation (real-time & JND constraints)
m Tissue engineering, implants, prosthetics (offline models?)
m Physiology simulation (voice production — here’s the *)
m Body armor development (model impactor + armor + underlying tissue)
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| _—
erties/behaviors

stieity/~standardilinear (Kelvin) model

WA
|A HFW

[
I‘ >

Prelerrgeeni--Indep. properties, not spring consts.

Non-linears poro-visco-elastic, anisotropic, inhomogeneous,
age/temp/pathoelogy-dependent

Independent experiments for each parameter!
Yamada (*70), Duck (*90), others: /n vitro
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IVer ess o) testlng—surglcal access to organs
Voton corrupts data: cardiac, pulmonary action
g testing pereds
' ISSe‘samples”: no standard shapes

Tensil
m Hur@, temp., body fluids—effects on hardware

Humarn tesung protocol approvall
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-

issuierlocally, measure “F(t) vs. X(t)”
User simple approximation or iterative FEA to extract

o Imrain field (2-Dj, 3-D), motion amplitude

m |RAVeri e generate gqualitative elastograms
m |terate enfinverse problem for quantitative

m Cutting & needle insertion
m Recording E(t) vs. X(t)
m Separate elastic, fracture, frictional components
m Currently instrument-specific
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COMpression
taten

= sid ILer bench top “life support”

0 toisi%she r)
m aspiauen/suction
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EROPERISeUree. firamework for surgical simulation
Enlanceadr perception for seft tissue manipulation
IVe-raterEEN technigues

Lead Screw

Closing Force

- Adjus Screw
Closing Force diustment Screw

Adjustment Screw
ForcefTorque Sensor

—B— Closing Force Sensor

11 January 2008 Scientific Computing Applications in
Surgical Simulation of Soft Tissues




Iian e: tensile testing

m U S{IEREsting| apparatus
Bl QIi2SPENS; BPEM alvdomen

L VIVE/VItrerporcing stomach;, sm. bowel, gall bladder
eret al., MMVROL)

s 40Hz cdﬁtr%sampling; >150mm motion; 0-6N applied
= Curve an

m F(L) =ae; L =1/,
m [ests Include response to pre-conditioning: large for in vitro
m online resource for force-stretch ratio data

Ard aycla dusdanum in-viva longitudinal
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COIMPIENCESCOMPRESSION tests
R '
u BieREILEUESHEaIRUIVashington

YRBIUENDiagen; RedrDragen, Markov model description

J Flelplpleiorel, Mo é(%[al.m
B Unders_’gr%_ urgical gestures, force/position range

= Imprevimgrizcile feedback for MIS
m Suppering strgical simulation community

Partial Ball Joint
Pulley \ -

http://brl.ee.washington.edu
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COMPIIENGE: compression tests
T I
SNV GLEIZECNENCOSCoPIC Grasper
m Baceckegresper, MIS (10mm port), usually open laparotomy
’/ ollew ergans

»

A ANV POYCINE S
'._..

ENIfEreVEd hapticiiSsSUe discriimination; characterize tissue /n
VIVONSSIIBSINTIOITENT]
: N, :
testinepuprtersiz; s0mm RoM; 25N (70 max) force (surgical

S s r
Sl 5\)

Partial Ball Joint
Cable Pulley X -
Tensioner o] e
\\

Motor ar-;d Encoder
MEG
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FR@/ \V/ E‘é selected results

- s 55 (EREG) (Rosen et al., MMVR98)

m di Hellerstiifness: /i vivo. poreine liver,
spleen;, smellfowelreelon, stomach, lung

‘H Curve fitting: a(h) = B(d-e“tV); c=F/A,; L=I/1,
N uiiiness (MEG) (Brown et al., MICCAIO3)
s liver/smalll b%/el n vVivo = In Situ = ex corpus (3X)

m precondiioning), stress relax’n effects differ post
[HOENIRCNENEES DETWEEN /o, ex corpus @ 25hrs

m Color chanee (Petet al. MMVR06)
m VEG compréssion, Canon Powershot A80,

spectrophotometer, subjective validation
m Damage threshoelds (De et al., IJRRO7)

m porcine liver (<80kPa @ 30s), ureter (— 100kPa)
small bowel (—100kPa)

m H&E (morphology), MPO IHC (inflammation),
caspase-3 IHC (apoptosis) staining e

[

¥
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RIIANGCE: coNIpression tests

. -
= Bi sHtalr Hanvard U.
a N Kendeks Maeno, et al.

*- “Enaniing Jiechnologies, for Advanced Soft
ueViedelings

s [nternelfparenchymal tester for solid organs . |
= Votoyized, integrated with NELP system T

Unthread from bar

SR OEI00mmY/s,, 36% strain (Ymm compression) .
= Proof of concept results (Kerdok&Howe'03) Eiterm i,
/ ‘
L7

m QLV model, 3 time constants: 0.102, 1.47,
27.76s

Unthread from bar
once shaft is in

Interrogated
local volume
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dentation
| sojll’tionsf

WORIC, NeMEYEREDUS, semi-Infinite

‘ nermealindenianen (fctionless)

m Hayes ceniection (IHayes et al., J.Biomechs72)
m correction exists for hemispherical indenter as well

c (1—v2)f
" 2a5,K [z,

K= 1'23+1'26FZ
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dentation

thedlfor tissue testing /7 vivo

r, U, Western JAustralia: porcine brain
Carter, U Dundee, UK: human liver
O1te er, MINE porcine liver
m Kerdo rd: porcine liver, spleen

0 T% UCSE; Srinmivasan, MIT: porcine abdominal tissues
m De; RPIE porcine tissues, human cadavers
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COMpliances indentation) tests

=
= In poystems for Medicine Lab; U.
Westarn Atlsiirelfel

(- Ve et al:
HgId registation, neuresurgical

planningréasimulation, predicting injury due -
to baselallfmpact é

2 d.o.f. motor driven linear mechanism

a"i

m pereneNrain /i vivo, 10mm flat cylindrical 1
Indentes;

m Imm/s max V; 3.9mm indentation used;
400mN max (applied /77 vivo)

m |terative FEA using| hyperviscoelastic
constitutive law, MRI for BCs
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C@ﬂpllance lRdentation tests

= Su s ) Dundee U., UK
m Carter, Cuschieri, et al.

q- giagnesiics, teol design;, surgical simulation
vealrapplication: 5Smmi (10 max) /1 vivo;

= 1IN (Grmax) /7 vivo e

cross-section of refer-

4. 5Smmsiiemispherical indenter, reference ring QESEEE.

12/48mm ID/OD
first dmannver in Vivol . -

nealthy vs. diseased (cholestatic liver w/bile Carter et al., 2001,
obstruction: 2x stiffness) Med. Imag. Anal.

porcine liver & spleen /n vitro

0.06
.05
;En.m
En.m
-ﬂ.I}E
001
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i
! . i L -I ]
SOIMPIIENCESIRCEntation tests
= J ’ . ;
J"JFIQFJ ¢S Lzleo)feiio)] ;K’lIT
m| OLensmeyer, Saw;ry
N SUppPOt erplanned Iaparoscopy simulator

Eimallyzinvasive; 2kHz sampling; 80Hz resonance; 1mm
RENMESOOmINNmax force; Smm flat cylindrical indenter,
12mmeE

‘A -~ -~
(A
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eviresiraetanl
. ]

NdFeB magnet

pole

6 s pieces
flexure aly

@ N
;‘\force sensor
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B

m AR (DG tthMIS

5 [PIgs) i surgical tool testing protocol\
BN EEOSCORIC & GPENR ‘

= video clip

AL (T
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TIPS results

A mples::.
§ examinaueniel effect ol capsule
ra u stififer than underlying parenchyma

) ffect of Eroan! PEsusion
s hleed pre;asure pre-stresses capsule

m poreinermuscle

m guasiEstauic comparison of normal tissue
withr HIEU lesion
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# - - - .
lﬁndard” sulject to limitations

iac/pulmenary action, etc.

1o PeRIEMS
61, 16sS O fluids), change in boundary conditions

m (nspired by transplant literature, without chilling

u /i vitro “silver standard”
m maintain bleed pressure (venous, arterial)
= Mmaintain temperature
m Mmaintain osmotic, oncotic balance
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Eiver Perfusion System

-

gysielogical selution to whole

2 hepaticanteral andl venous
aliRs through portal vein

n\sioloelie perature control
h mantained

Lactated Ringer's w/dextrose,
[Hetastarch (esmotic & oncotic balance)
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Arterial
Reservoir

18 mmHg

Portal
Venous
Reservoir

39C

Heater

Circulating
Pump

31




-

on)
aticistpplies of perfusate: high ===y
elevationrierarteral supply, lower
IGRTOr VERBUS

pelow bench
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Sienptvalidatien

= Te ests;
m CO £ , ) Lristiggdrisc) conditions
§ [espense similar to linear spring-damper

uical comparsen' oft stiffness, damping coefficient
,-4.

— — [

0.04

0035 —&— In vivo 6l O Towpre
—l— Ex vivo perfused = Mow p
0.03 =
(=3 + = =
—&— In vitro excised lobe & 05 ﬂ\owpreloarfm’ high preload™

0.025 (p=0.08)

0.02
(p=1E-4)
5 0015 (p=0.19)
0.01 + (p=1E-8)
0.005

0

=]
IS

mpliance [m/N]
o
W

C

Damping Constant [N
o
o

=1

0
001 002 003 004 005 008 007 008 001 002 003 004 005 006 007 008
Mean Preloaded Force [N] Mean Preloaded Force [N]
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_—
S |Lab, Harvard

HeWe: (BRL); Ottensmeyer (CIMITasS

W E [argerdefiormation tissue characterization :
SPIChanactenzauen, testing /7 vivo vs.

perfuseﬂ“iﬂ*/tm Vs, unperfused: /i vitro
Yy

m 0.25” flat c
sampinga; L0mm RoM; 20/100/200g step
l0ad (meanpualy placed); open abdomen et

m porceine lIVer /i vivo' vs. In Vitro potentiometer

m Vvalidated perfusion system for large
deformation

indrical indenter; 1kHz Displacement Sy
potentlometer
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edeling
_—

eIy Sugeests mere complex model
RY/PENEIAsIIC; POre-Viseous, elements
e/Kerdeksmodification of Arruda-Boyce

40 mmis

20 mmis

2 mmis
— 0.2 mmis

=
]
0 -
=
(]
('8

6 [
- Displacement [mm)]

Ao, Hiim, ";L-L.‘ Gp.‘ Sp.- m, fw, }/{_}
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iy
% -
L Conpliance dentatien
 —1 T ’ arterial reservoir
| BIoRGEUESHEae Harnard
B BWESSIKENG OK, J%n
5 ElectroForce estBench, /1 vitro
WIBErfiision systems 42mm| motion

= stressjielaxation, arbitrary inputs
m Nop-sliprsuction contact

1

"

-D U soqu
s |

indenter ti | '
P ultrasound probe VEeNous reservoir
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COMPIIANCE: parameter extraction

A 4 v
E 777777777777 77777777777

= Pa [denuiication algorthm
= [terative FE approach e '
e Simulate withrtrial parameters
Mpare With expernment
= Updatefsarameters
= repeauntil’ convergence

(Simplex method)

¥

By Model 2
—_—
Parameters % NO
: d Evaluate
Loading
e

Experiment (MSE) @ YES
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nRe)lver, kidney.
¥ NASA Ames/Stanford Virtual Rat Project
ruyns & Ottensmeyer, MICCAI'02)

-.m‘ug real tissues: to guantify properties to develop
Cco

atilsle: biepolymers
m Porcinelarai, muscle/liver
» In siturcerebral cortex testing

s Harmonic Motion Imaging (Konofagou et al.,
Ultrasonics'04) - -

11 January 2008 )
y HIFU lesion




,Jrul ce: Indentation tests

PNERIGIIMESN(SEN Ie)ﬁeat little robot!
ﬂ SrlZ 1) eaher‘ Al Fesonance

| 190X27Ox3BOmMm Woerkspace
n B ANFeentinueus force (BE5N max)
NOICkA(UCSE/Berikeley)

S w 20mmihemisphierical indenter
m /7 VeNeercinerstomach/liver/spleen/skin
m Broweréet al., MMVR 01

m  Srinivasan (VI f'ouchLab)

m ramp-hold, sinusoidal (0-3Hz) motion
m 2mm flat cylindrical indenter
m /i vivo poreine liver/spleen/kidney/esophagus [essess
= Kim et al., MICCAI'03, Tay et al., MMVR'02 [S—_s

| De, et al. (RP') (ATI-NAND16)

m human cadaver measurements, in press Indenter S
http://touchlab.mit.edu
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I solbtions

[LE5 Aen-slip;, Isetropic, homogeneous, linear

!@lal shiear

B (2+v+v2) f

X
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pcéﬂaliance: iersional shear
=t -
I2REVIC/Eless (luebingen),
il yer

s Open| surgery
MS: ISSUE eharacterization, surg. sim.

m 20Hz baﬂd\m'jth; 30° RoM; 0.45mNm torque
m 6mM edlie/adhesive tip; reference ring

16/20mm: 1D/0D
m /7 vivo perene liver, /i vitrobovine liver
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epiglottis : bule of the larynx

hyoid bone
i)

| vestibular fold

* oscillation inivocal folds .. = i\ e
| ey efificient seund o (1 ¥ 3y -

production depends on S e /| S
geometry/, VISco- . |

% trachea

elas P

Freq: 172 Hz
Amp: 72dB
Phase: ==
Light: Xenon
Mode: Fast
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epiglottis : bule of the larynx

hyoid bone
i)

~ osclilatienintvecal felds 4;“;;7;
) e, effiCient Sou nd i _"‘ o -: . T . vocalis muscle

productionidepends on /

QEOMETHY, o) .

el a5 - ] ——I—-—;-— trachea

: 81 B
T Te—

n Vocal fold damage
m OVeruse
m Ccancer
m Infectious disease
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mplant biomaterial
' syntheue gels
sed auielegeus fat

= Iogarea ce time; minimal inflammation, no rejection

‘ priare mechianical behiavior!

m [woe-partchallenge
s measure normal, healthy tissue response
= measure implant behavior to confirm: success
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» .
NEOmMplIERCEs tangential shear
- | il "
- DEVGHGULS feicester, UK
s Gopdyeretal Z%MI

S human 1 vivo, qu;?i—static
ENIxEd diSplacementiste snear

—

. s pharmaceutical' adhesive bonding
' n G =0, 7-202 kPa (pessible over-estimate?)

e
o

'l
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pcéﬂbliance: tenoential snear
=t -

= Ear jth IEMPEST
m Un eNeIfInlra-ocperative use

u Spevelopmenit o VeCCl
ses iangenualiescillation, records reaction force

m Scotchiyoke dive to >250Hz
a humean VM fundamental from 100-300Hz

suction tip

[——— ol 5 ||--|-|.‘|-|||li Wi
— _ vocal fold

—>

to lungs

direction of
motion
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_—
NS\Witzerland

simulaien;, prediction of cervical iIncompetance

» (less eff pregnancy)
ALCERVIX IRVIVE, EX VIVO; human liver

= need foﬁtg’l ity

= 30H mevate; 3mm, displacement observed; 100mbar
Vecuims L2mm circular epening

Connection to pneumatics
through silicon tube

s / .lf
T
= =

Aspiration
tube
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IEREE: asplliiation testing
_ g -—

L rllenste]rh" alb, ISBMS'06
Stiongefpre-conditioning| effect ex vivo
QLEVimedelwithl capsule
PEiEMELER extraction using EEA

E
=
=
@
9
o
=N
@
=]
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lgizie)inief te hq@es

m Ultreseur d

(With' a few’ exceptions)
Stirain tensor

Respnance Imaging
a 3-DUMaEINg, arbitrary directions w/egual sensitivity
s Long scamning/computation times
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STOO cl¥)
)IIT‘ -

tle cleforEiieon
Jltreseunes phlﬁt al., 1990
Viagnetic Resonance Imaging: Plewes, et al. 1995

- i
USERSCenNpre- & post-defermation
m Normalize; caiculate strain & invert

m Notesstain artifacts

-~
-

scan compress & rescan  strain field
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_erner, et al., Iatg@Os: “Senoelasticity iImaging”
Vibthupillai/Manduca/Ehman, —'95: MRI
aNVEChanicall surface vibration (normal or shear)
- Vieastiresocalivelocities/amplitude/shear wave velocity
m |nversamplittde or direct calculation from shear wave

~ O "'\

/ -

s G =V pior Hookean, isotropic medium

<100 -50 0 +50 +100 10 20 30 40
Displacement (um) Shear Stiffness (kPa)
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LO)C| el o)y
="
D nam]ctm

m Foclsed C fasounf(_:l_ as stimulus

u Creauerlocallimpulse (or train of impulses)
e traveling shear wave with high frame rate U/S

-

lated to shear wave velocity
elastic model: displacements —~10 um

: SUpersonic Shear Imaging: healthy human breast tissue,
1=8kPaYeung's mod. (Bercoff et al., IEEE Ultrasonics Symp’03)

11 January 2008




&

-

el

"

s
~

—)

i

E0ejrzigf)

|

e | ’

5 DYREIRICRESTNG
a| FociiSedfulirasound as stimulus

Create lecallimpulse: (or train of impulses)

@hseve traveling shear wave with high frame rate U/S
Elasticiyarelated to shear wave velocity
Cinearvisceelastic model: displacements ~10 um

EkESSUpEersonic Shear Imaging: healthy human breast tissue,
1-3 %Yoﬁhg’s mod. (Bercoff et al., IEEE Ultrasonics Symp’03)

[
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- T

Eleiside) el h¥‘ ,T ! HIFU lesion

. H licgeurerall; BWH/Columbia #
NIl GISONE '

= dppl'ns: creatingland characterizing lesions
[IIRtISSUE (€. 0. tumer aklation)

m 200 & 800 Hz hiarmonic force; —5-10um
amplitidesserce not directly measurable

RF signal
> g

Pulser/Receiver

Y

Amplifier

Before Coagulation

1 Diagnostic
] Transducer

After Coagulation

Water

Band-pass
Filter

A

oscope

Mean-squared displacement (mm)

*’ | RF Amplifier 1

Frequency
Generator 1

16 22 RF Amplifier 2

Tissue Stiffness (kPa)
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Needle Insertion

S_—

u M @l data, instruments

= Tend ewer etall., MMVR01)

5 measuring tool force onineedle driver &
0)fS

m 6-dof; ne'ehdl@force, 1-dof cutting/spreading

m BOH@mpling

m 3-0istiitre threugh porcine stomach wall,

m Okamura, Haptics Exploration Lab, JHU
m SCISSOr cutting forces
s IEEE Trans.Rob.’07, in press |
m percutaneous sim & needle insertion modeling

= Elastic response, puncture, Karnopp friction
s Okamura et al., IEEE TBME'04
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Motor encoder Lead screw with

"‘wo;/__ anu:bacmé‘sh nut
Cﬁ% soNeedle lnsertion ;

N D S Lah, U. Maryland

m S ade cuiiting

' N \Varying cutting Speed, blade angle
Heveloped model predicting elastic slope,
racuiEnmedel
= Chanthasspeehpan et al., TBME'O7a,b

el

a fluereNmaaging of tissue, needle, internal fiducials
a position/iorce tracking, porcine tissue in vitro

= generated simulation w/haptics of needle

i nse rt| on Top View C-Arm Motor / Encoder
TOP - e

] 1 2 3 4 5 ] T
Distance from constrained edge of specimen (cm)

Needle
Soft Tissue

Fiducial
Tissue VEWES %
Experiment|

Scientific Computing Applications in
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BEVElledineedIe Insertion for prostate brachytherapy
fetationalinstriment, 6-DoF force sensing
m turkey odel, insertion rate testing
0 EW suRvey paper: Abelhassani et al., MedEng&Phys'07

Force in the Insertion Direction (1)

10 15

b ) )
Tissue Displacemernt (rmm)
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4deformaﬂons have guestionable application to surg. sim.
_|

cUiFEnt applications for diagnostic purposes
topelegy~altering testing
m needle insertion, scalpel, scissors
= limitedi available data

growing body of /771 vivo data, including human

= still need more organs, improved constitutive models (&
parameters), healthy vs. other conditions...
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promeiesimesical simulation for improving patient safety, reducing

ernor SUHRG competency, reducing costs...
10g) 0f Wareness, unify the “message”, secure resources

Enhancing SIMULATION Act, 2007 (H.R.4321)

a (Satfety In'Medicine Utilizing Leading Advanced Simulation
Tlechnologies tor Improve Outcomes Now)

= reps Forbes (R-VA), Kennedy (D-RI)
m SAVE THE DATE: 5% Annual AIMS Conference & Exhibition
m May 6-7, 2008, Washington, DC
m attended by industry, academia, members of congress
® Www.medsim.ord
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neced Initiativ in Medical Simulation

lﬁm&.ﬁdvanced Iniatvesiin Medical. Simulation

HR4321 calls for:
» federal funding for Centers of Excellence for med sim R&D
* support for solving challenges in med sim

 grants for academic sites to acquire simulators
 support to develop curricula integrating simulation
 grants to accreditation organizations for standards development
» federal med sim coordinating council
« $50,000,000 for FY’08, sums as necessary for FY’09-'12
m SAVE THE DATE: 5% Annual AIMS Conference & Exhibition
m May 6-7, 2008, Washington, DC
m attended by industry, academia, members of congress
® Www.medsim.ord
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WAGHEIF NBLES...

_—
m IS IFtEEtonal Symposium ol st
©om el Models for Biomedical &

Simulatien
/- 8 2008 London, UK

m AT |mper@,[ aC. Uk/medicine/isbms08
o Top|@f Interest

a aiaemicalimedeling; hard & soft biomechanics;
physielegical moedels; validation; simulators;
haptics; GPU-based sim; etc.

m 12 March 2008: full papers due (8 page max)

m successor to IS*TM’03 (INRIA), ISMS’'04 (CIMIT),
ISBMS’06 (ETH)
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- i’»
(r\mrl a fe vv c her notes..

e il J
' Soc:lely for Simulation in Healthcare

u [IVISISeB terna'tlonal Meeting on Simulation in
L Health

m Jan ey 18=16} 2006. San Diego, CA

AW SS Nojgc™
m Users, deﬂopers stakeholders in mannequin & computer-

based simulators, VR systems, standardized patients, task
trainers

m This year: 1 Technology Track workshop series

= physical sim development; software-based sim (Harders);
cross-platform issues (tissue props, realism, etc.); contact
between end users and academic/industrial developers
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-
WaWEmedicalsim.org

WAWW. CIMIT.0rg

-

etteRsmeyer. mark@mgh.harvard.edu

m  Support for some of this work provided by the Department of the
Army, grant number DAMD 17-01-1-0667 and by the Institute of
Laryngology and Voice Restoration. The ideas and opinions expressed
to not necessarily represent those agencies.
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