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STATE OF KNEE MODELS
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STATE OF KNEE MODELS
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STATE OF KNEE MODELS
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OPEN KNEE(S) GOALS

w To provide an open, freely available, and collaborative development,
testing, simulation and dissemination platform for in silico
exploration of the biomechanics of healthy and diseased knees.

— Platform for community driven modeling & simulation

w To develop in silico biomechanical models of healthy and diseased
knee joints of different genders and ages, supported by specimen-
specific joint and tissue level experimental mechanics.

— General purpose models of healthy and diseased knees



OPEN KNEE(S) GOALS

Full knee models
tibiofemoral joint

patellofemoral joint
Complete specimen-specificity
geometry
material
Comprehensive data
magnetic resonance imaging
joint kinematics/kinetics
tissue stress/strain
Multiple knees
young/elderly

male/female

healthy/osteoarthritic



STUDY GOALS

w» to establish a workflow to collect heterogeneous data
on cadaver knee specimens for development &
evaluation of specimen-specific knee joint models

w to summarize progress on the collection of specimen-
specific anatomical imaging and mechanics data from
varying populations, aka Open Knee(s)



SPECIMENS

oks001

Right knee

Gender: Male
Age: 71 years
Race: White
Height: 1.83 m
Weight: 77.1 kg
BMI: 23.1

oks002
Right knee

Gender: Female
Age: 67 years
Race: White
Height: 1.55 m
Weight: 45.3 kg
BMI: 18.9

oks003
Left knee

Gender: Female
Age: 25 years
Race: White
Height: 1.73 m
Weight: 68 kg
BMI: 22.8

oks004
Right knee

Gender: Female
Age: 46 years
Race: White
Height: 1.58 m
Weight: 54.4 kg
BMI: 21.9

oks006
Right knee

Gender: Female
Age: 71 years
Race: White
Height: 1.52 m
Weight: 49.4 kg
BMI: 21.3

oks007

Right knee

Gender: Male
Age: 71 years
Race: White
Height: 1.7 m
Weight: 65.8 kg
BMI: 22.7

4 more on the way...



EXPERIMENTATION

Workflow

preparations testing procedures
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For mature and developing standard operating procedures, refer to http://wiki.simtk.org/openknee/Specifications.


http://wiki.simtk.org/openknee/Specifications

PREPARATION

Preparation

motion capture registration .
markers markers anatomical

landmarks

dissection bone plugs

oreparation I
for tissue |

- O

testing ~ = , :
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N joint testing imaging
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to tissue testing to joint testing to anatomical imaging



REGISTRATION

Registration

coordinate system transformations
femur - tibia - patella

association of reference states

pose & orientation

joint experimentation anatomical imaging






JOINT MECHANICS

Tibiofemoral Joint Mechanics

Laxity Testing

Internal/external rotation
0 to 5 Nm
w/ 1 Nm increment

Varus/valgus
0to =10 Nm
w/ 2.5 Nm increment

Anterior/posterior translation
Oto 100N
w/ 10 N increment

Combined Loading

Permutations of
Internal/External rotation - -5, 0, 5 Nm
Varus/valgus - -10, 0, 10 Nm
Anterior/posterior translation - -100, 0, 100 N

@ 0°,30°,60°,90° flexion
w/ 20 N compression force
measurement of kinematics-kinetics
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JOINT MECHANICS

Patellofemoral Joint Mechanics

@ 0°,15°,30°,45°,90° flexion

20 N, 100 - 600 N quadriceps force
w/ 100 N increments

measurement of kinematics-kinetics
measurement of contact pressures
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TISSUE MECHANICS

Tissue Mechanics

Cartilage

unconfined compression
confined compression
tension

medial - lateral femoral condyle
medial - lateral tibial plateau
femoral groove - patella

Meniscus

Tissue Sampling Uniaxial Testing Stress Relaxation
unconfined compression
confined compression
tension

bR @ a

medial - lateral

force (N)

Ligament

1] 800 1000 1230 1400
time (sec)

tension

anterior - posterior cruciate
medial - lateral collateral

patellar multi-step stress relaxation tests
transverse measurement of displacement - force
Tendon measurement of sample size

. image capture (tension samples)
quadriceps



UTILITY FOR MODELING

gerrrerrsasrsaiasatrssrss sttt ssasssa s Jen s a st st e s es pequired for
. . each tissue

FERID 2 oc-

[2' Segmentation FINITE ELEMENTS FOR BIOMEGHANICS UthOﬂ
+ : http://www.febio.org

1.2 in vitro
tissue mechanics [3 geometry

generation

1.3 in vitro

joint mechanics

l + assembly

constitutive ] E mesh generation ® mesh assembly ]

modeling
¥ I

> model assembly ]—»[12 joint modeling ]

loading
LR R R R R R R FE RN PR . & BCs

-

loading

loading - : l
& BCs 7. tissue & BCs : [10. Compartmenta| . 13. jOiﬂt
simulations : modeling : simulations
v : l : l

71 insilico : |'-compartmental : 131 insilico validation
tissue mechanics : simulations : joint mechanics studies

l

[11-1 in silico ]
S

compartment mechanic

evaluation of interactions

For mature and developing standard operating procedures, refer to http://wiki.simtk.org/openknee/Specifications.


http://wiki.simtk.org/openknee/Specifications
http://www.febio.org/

CONCLUDING REMARKS

% A comprehensive data collection scheme
specifically targeted for the development of high
fidelity models of the knee

@ |n-depth heterogeneous data as the foundation for
authentic virtual knees

different knees
- variability within population
anatomical imaging
- specimen-specific geometry
tissue mechanics
— specimen-specific tissue material properties
joint kinematics-kinetics

— specimen-specific evaluation of joint mechanics



CONCLUDING REMARKS

w A comprehensive data collection scheme
specifically targeted for the development of high
fidelity models of the knee

open & freely available virtual knee population for

design, evaluation & regulation of interventions

- specimen-specific geometry

tissue mechanics

— specimen-specific tissue material properties
joint kinematics-kinetics

— specimen-specific evaluation of joint mechanics
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HOW CAN YOU CONTRIBUTE?

models - meshes - geometries
Images - mechanics data
usability issues - bugs - errors

your own data - models
customizations - derivative models

provide feedback on specifications
customize models for your needs

follow Open Knee(s) roadmap
analyze data - develop models
run simulations - document

VISIT http://wiki.simtk.org/openknee


http://wiki.simtk.org/openknee
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CONTACT

Ahmet Erdemir
erdemira@ccf.org
+1 (216) 445 9523

Laboratory: http://www.lerner.ccf.org/bme/erdemir/lab
Open Knee(s): https://simtk.org/home/openknee
Open Knee(s) Wiki: http://wiki.simtk.org/openknee
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LICENSING

Copyright (c) 2015 Open Knee(s) Development Team

Unless noted otherwise or labeled as fair use*, all components
of this document and the accompanying source code and binary
files are licensed under the Creative Commons Attribution-Share
Alike 3.0 United States License. To view a copy of this
license, visit
http://creativecommons.org/licenses/by-sa/3.0/us/; or, (b) send
a letter to Creative Commons, 171 2nd Street, Suite 300, San
Francisco, California, 94105, USA.

*Slides labeled as 'fair use' likely have copyrighted material
qualifying as 'fair use' as a result of nonprofit educational
purpose of this document and the limited amount of enclosed
information when compared to the whole body of external work.
Any other use of material from these slides here or elsewhere,
may be copyright infringement.


http://creativecommons.org/licenses/by-sa/3.0/us/
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copyrights and trademarks.



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25

