
1

O
S
S
in
to
a
in
m
c
d
p
p
in
a
w
a
m
s
M
P
s
p
T

th

w
i
p
p
T
th
in
c
l
to
t
p
t
o
C
(
to
M
s
p
w
v
e
 R
v
p
2
d
1
T
f

Martha 
Fischell Depar

Office of Scien
Silver Spring, M
Statement of 
nclude a space
o as carrier 

advantageous 
ncluding me

materials such 
cells. To take
degradable pol
poly(propylene
polymer for b
nvestigated th

and evaluate co
with varying p
architecture (
mechanically c
scaffolds.  
Materials, Me
PPF was synth
scaffold sleev
porosity and po
The porosity of

he following

where Cp is the
s the weight o

photoinitiator 
phenylphosphin
Tarrytown, NY
he PPF and p
nside the glass

constructs we
eached as desc
o reach the d
esting per 

properties wer
esting system 

of 0.5mm/min, 
CA scaffolds 
(Ferndale, MI
omography (μ

Medical (Brüt
system to nond
parameters. Sc
were segmente
void spaces fr
evaluated using
Results: PPF 

variety of pore
pore sizes of 4
25% and 50% w
designs were co
1a) connected 
These repeating
form a poro

Design an
O. Wang1, Ch

rtment of Bioen
nce and Engine
MD; 3Departm
Purpose: Sca

e to house add
scaffolds. Ca
properties in
chanical sup
as hydrogel en

e advantage o
lymer scaffold
e fumarate) (P
bone tissue e

he techniques 
ontrolled archit
porosities and
(RPA) scaffo
characterized a

ethods and An
hesized as prev
es were fabr
orogen sizes of
f random pore 

g equation: 

e weight of PPF
of salt  and ρ

solution, 
ne oxide (C

Y) in methylen
poured into gla
s vials to create
ere photocross
cribed previous
dimensional re
ASTM stand
re measured 
(33R/4465) at
1.0mm/min an
were fabrica

) Perfactory®
μCT) was per
tisellen, Switz
destructively i

caffolds were 
ed using thresh
rom polymer. 
g Image Proces

CA scaffolds
e sizes and po
400μm and 80
were prepared.
omposed of rep
by uniformly 
g units were sta

ous cylinder. 

d Characteriz
arlotte E. Vorw
ngineering, Un
ering Laborato

ment of Neurolo
affolds that ar
ditional materia
arrier scaffold
n bone tissue
pport containi
ncapsulated pr
of these bene
d sleeve was d
PPF), a well 
engineering1,2. 
needed to mo
tecture (CA) ca
d pore sizes. 
olds are fa
as a comparis

nalytical Proc
viously describ
ricated with 2
f 300-500µm o
scaffolds is ca

Theoretical	Poro

F, ρp is the den
ρs is the densit

bis(2,4,6-trim
Ciba Specialty
ne chloride wa
ass vials. A ro
e a sleeve struc
slinked and 
sly4. Scaffolds 
equirements fo
dard D-695. 
on an Instro
t varying disp
nd 10mm/min 
ted using an 

® device. Mi
rformed using
zerland) μCT 
image and qua
scanned and 
holds to separ
Images were 

ssing Language
s can be fabr
rosities. Four 
0μm pores and
 The four CA s
peating units o
distributed cyl
acked on top o

The four 

zation of Poro
wald1, Maureen
niversity of Ma
ories, Center fo
ogical Surgery,
re designed to
als are referred
ds have many
e engineering
ing bioactive
ecultured stem
fits a porous,
designed using

characterized
This project

odel, fabricate,
arrier scaffolds
Random pore

abricated and
son to the CA

cedures Used:
bed3. RPA PPF
25% or 50%
or 710-850µm
alculated using

osity	ൌ
Cs
ρs

Cp
ρp

Cs
ρs

x	100

nsity of PPF Cs

ty of NaCl. A
methylbenzoyl)
y Chemicals,
as mixed with
od was placed
cture. The PPF
porogen was
were trimmed

for mechanical
Compressive

on mechanical
lacement rates
(n=2 per rate)

envisionTEC
cro computed

g a SCANCO
100 imaging

antify scaffold
3-D data sets

rate pores and
compiled and

e (IPL).  
ricated with a
scaffolds with
d porosities of
scaffold sleeve

of rings (Figure
lindrical posts

of each other to
designs were

us Poly(Propy
n L. Dreher2, E
aryland, Colleg
or Devices and 
 Case Western

o 
d 
y 
g 
e 

m 
, 
g 
d 
t 
, 
s 
e 
d 
A 

: 
F 

% 
. 
g 

0 

s 
A 
) 
, 
h 
d 
F 
s 
d 
l 
e 
l 
s 
. 

C 
d 
O 
g 
d 
s 
d 
d 

a 
h 
f 
e 
e 
. 

o 
e 

imple
Solid
using
devic
25% 
1g). 
depen
scaff
less 
scaff
poros
25% 

Figur
3-D pr
(b) Ph
800μm
800μm
during
 
 
 
 
 
 
 
 
 
 
 

Figur
Conc
scaff
varie
the r
more
depen
RPA
resul
(445M
mode
on m
destr
effec
Refe
(2002
(2002
4, 51
59 13
26, 5

     0.5

ylene Fumara
Eric J. Mott3, D
ge Park, MD; 2D

Radiological H
n Reserve Univ
emented in 
dWorks Corp.,
g an envisionT
ce (Fig 1b – 1
porosity, 800 
To compare m
ndencies, RPA

fold mechanica
porous scaff

folds at all loa
sity group, 300
porosity group

e 1: CA Scaffolds
rinted counterpart
hotograph of fab

m, (e) 50%, 400μm
m; foam is seen 
g imaging. 

e 2: Modulus v. lo

clusion: PPF c
folds can be 
ety of pore size
random pore a
e porous scaff
ndencies were

A scaffolds sho
lts are smaller
MPa)5. Contr
eled to evaluat
mechanical pro
ructively eval
ctive porosity to
erences: 1) Co
2) 65-69., 2)
2) 59 547-556

18-525; 2  4) F
335–1342. 5)

5474-5491 

        1.0             

ate) Sleeve Sca
David Dean3, an
Division of So
Health, Food a

versity, Clevela
SolidWorks

, Waltham, M
TEC Perfactory
1f). A 3-D ren
μm pores scaf

mechanical pro
A scaffolds we
al compression
folds were s
ading rates. T
0 ± 69 MPa, w
p, 134 ± 17 MP

s: SolidWorks mo
s. (a) One repeatin

bricated scaffolds,
m (f) 50%, 800μm
surrounding the s

oading rate for 25%

controlled arch
fabricated an

es and porositi
architecture sc
folds were les
e identified. T
owed the gre
than average 

rolled architec
te the impact o
operties. μCT
luate scaffold
o compare to t
ooke, M.N., J

Fisher, J.P., 
6.  3) Kasper, F
Fisher, J.P., Bio

Karagergiou, 

      10.0 

affolds 
nd John P. Fish
lid and Fluid M

and Drug Admi
and, OH  
 (Dassault 

MA) and then 
y® additive man
ndering from 
ffold is shown b
operties and ev
ere fabricated.
n testing foun

stiffer than th
The modulus o
was about half 
Pa (Fig 2). 

odels of CA scaffo
ng unit of a base ri
, (c) 25%, 400μ
m, (g) μCT rende
scaffold to preven

% and 50% RPA s

hitecture and ra
nd characterize
es. Mechanica

caffolds showe
s stiff and mi

Though the 25
atest moduli 
trabecular elas

cture scaffolds
of pore size an

T may be use
d properties 
theoretical poro
J. Biomed. Ma

J. Biomed. M
F.K., Nat. Prot
omacromolecu
V., Biomateria

(g) 

her1 
Mechanics, 
inistration, 

Systèmes 
fabricated 

nufacturing 
CT of the 
below (Fig 

valuate rate 
 The RPA 

nd that the 
he porous 

of the 50% 
that of the 

 
olds with their 
ing and posts, 
μm, (d) 25%, 
ering of 25%, 
nt movement 

scaffolds  
andom pore 
ed with a 

al testing of 
ed that the 
inimal rate 
5% porous 
values the 
stic moduli 
s may be 
nd porosity 
ed to non-

including 
osity.  
atl. Res. B 
Matl. Res. 
toc. (2009) 

ules, (2003) 
als, (2005) 

Abstract #39
©2013 Society For Biomaterials


