Functional Tissue Engineering of
Anatomically-Shaped Cartilage
Constructs

Gerard A. Ateshian, Eric G. Lima, Kenneth W. Ng,
James L. Cook, Clark T. Hung

Departments of Mechanical Engineering

A and Biomedical Engineering
=

A\/

Columbia University
New York, NY 10027

Clark T. Hung, PhD

Associate Professor

Director

Cellular Engineering Laboratory
Columbia University

James L. Cook, PhD, DVM
Associate Professor

Director

Comparative Orthopaedic Laboratory
University of Missouri - Columbia

o SERVICES
S 5y

U.S. Department of Health
and Human Services

%,
i,
Fraag

Supported by the
National
Institutes
of Health

A\ ias

Representative strain plots

si

— ~—

Femur

15

Distance from aricular surface (mm)

1o 5 g T
Distance from center of contact (mm)

-

4
B L

o 5 o 5 1 5 75 5
Distance from center of contact (mm) Distance from center of contact (mm)

15

Video acquisition of PFJ loading

Cartilage Str re and Composition

« Type Il collagen

10%-30% per wet wt
Mow and Hayes, 1997

Proteoglycans 3%-
10% per wet wt

Water 60%-87%

Zones
Superficial Zone (SZ) L

Articular surface

8 Middle Zone (MZ
Proteins, M2)

glycoproteins, lipids Deep Zone (D2) ) Tidemark

r Subchondral bone
Chondrocytes Calcified cartilage (CZ) e GG e
e A

[ I !

Anisotropy Nonlinearity Inhomogeneity

40 nm



MEMS Pressure Transducer

cartilage

loading
apparatus

chamber \

d : =
C— et , o _— !
p " 2000 4000 6000 8000 10000 @ 2000 4000 6000 8000 10000
=l 3 - seconds seconds
< i
™

2 2 | Ateshi B (1
microchip E Soltz and Ateshian, JB (1998)

Human Glenohumeral Joint Cartilage ~ funseta @05 Fluid Load Support in Unconfined Compression
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A: Tensile (parallel, surface zone) 100% Park et al. 2003

B: Tensile (perpendicular, surface zone) ! - Biphasic-CLE model

C: Tensile (parallel, middle zone)

D: Tensile (perpendicular, middle zone) 60%
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F: Compressive (middle zone)
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Cartilage Frictional Response Dynamic Response in Unconfined Compression
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Joint Loading Dynamic Strain Device

* Eccentric Cam

* Contact stress: 2-8 MPa * Impermeable Platen -
Ahmed et al., 1983

unconfined compression
Brown et al., 1984
¢ Equilibrium Compressive Modulus: * Adjustable Strain
0.1-1.0 MPa

magnitude
Mow et al., 1980

Huang et al., 1999 * Adjustable Loading
« Dynamic Compressive Modulus: Frequency (0-3 Hz)

15-40 MPa

Park et al., 2002

Results - 28 days of loading

Mauck et al., J Biomech Eng, Optimization — Gross Appearance
June 2000
- une Day 42
Free Swelling thickness (mm)
M Dynamically Loaded

10% FBS 20% FBS 10% FBS

* Free
I Day 28 Swelling
257+0.12 2.83+0.02 2.91+£0.02 2.92+0.04
T Day 28
P [ o . ! Loading Dynamically
— Loaded
Day0 Day3 Day7 Day14 Day 21 Day 28

B 1Hz loading, 10% peak-to-peak strain, 3 cycles of 1hr on/ 1 hr off

20% FBS

Equilibrium Aggregate
Modulus (kPa)

2.47+0.04 2.36+0.03* 2.44 £0.03* 2.56 +0.10*

Mauck et al 2003 10 x 106 cells/ml 60 x 10° cells/ml

Optimization — 60 x 108 cells/ml . Optimization

. Free - Swelling
180

] Dynamic Modulus
Day 56
60 x 106 cells/ml
20% FBS

30 ml DMEM
overnight culture

Young's Modulus (kPa)
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Joint Specific Agaros
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Anatornic Osteochoncdral C

Constructs

CNC milling
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Anatornic Osteochoncdral Consiructs

Long-Term
Culture

Cell-seaded
Anatornically
Correct
Bilayer
Constructs

10 mm
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Constructs:
% 108 chondrocyte
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Irproverments in Engineerad Cariilage: In Vivo Studies: Allogenic Cell Source (canine)
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Osteochondral Constructs: novine chondrocytes

Chondral Region

Osteochondral Consirucits

bovine chondrocyies
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Bony Region . . PR . - Peak load (N) 14£06 6.0£08
Role of soluble mediators? 7"' Stiffness (N/mm) 29+12 214134
Energy to Failure (Jm 2 109+ 49 386 = 123

Moving to Cylindricel Osteochondral

Canine in vivo Model: Agarose and Tantalurn in Focal Dafecis

Inserting 3 Consiructs 3 dogs Total
Construct Per dogy

Caorhp Orthopagdic L Y, University of Missouri
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Generating Anatornically-Shapead Molds
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CAT Scan

[

> 3 year old
> 30 lbs
> Trace Segmenis

Jarnes L. Cook, DV, PhD
Corparative Orthopaedic L Yy, University of Missouri
Colurnbiz, Missouri 65211

Generaiing Anatornically-Shaped Molds
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Generating Anatornically-Shaped Molds

Canine in vivo Model :
Irnplantation of Patella Constructs

Jarnes L. Cook, DV, PhD
Cornparative O Jic L: Yy, University of Missouri
Colurnbiz, Missouri 65211
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Biologic Paiella Replacement
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Anatornical Osteochoridral Cornsiructs Surnrriery

1 Agarose: biocormpaiible, retains rmairix products
i Dynamic loading enhances properties

G}

1 TGF-03 release enhances properiies

i Native trabecular bone is a poor substrate

i Porous tantalum is a good substrate

i Technology for molding and implanting
anzatormical consiructs is successiul

1 Successes with bovine chondrocytes not
matched with canine chondrocytes
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