Characterization of Mechanical Properties of Solvent-Cast 3D-Printed Peptide-polymer Scaffolds
for Osteochondral Tissue Regeneration
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Introduction Scaffolds .
. . . . Equation 3: Spring
R : : : : - Scaffolds were printed with different concentrations of Kin=ki+ky++k,=k;-N,-N o
Ehodn;aaecr;%; Lé?cetﬂ efc;gr’gsestutfsgﬁgeneratlon usually lack the properties polymer-peptide conjugates and different polymer ratios. " 7 7 constant addition - Parallel
- Desired properties can be achieved by 3D-printing different materials : Ratios:t.10|0:0, 90:10, 80:20 ratios of 80 kDa and 25 kDa PCL 1 1 1 1 Equation 4: Spring
on the same construct. respectively. — =+ttt L
o Concentrations: 3, 6, 12, 18 mg/mL of peptide (Hyaluronic Acid Kr K Kio Kin constant addition - Series
- Solvent-Cast 3D printing (SCP) uses a polymer dissolved in a solvent and E3) with 370 mg/mL of PCL. 4
as an “ink”. The “ink” is extruded and the solvent evaporates, leaving a o — Ki*Ny Ny, 3-m-E-D"-Ny-N, Fauation 5 Bulk Stiff
polymer filament. - The scaffolds had a spacing of 260 um and a filament diameter of T="N -1 I3 - (N, — 1) quation 5. bUIK SHUITNESS
, , , , approximately 40 um. They were printed with an offset orthogonal
- Scaffolds with different concentrations of peptides and polymers pattern. 3.7 . F.D5
were 3D-printed with SCP. | | E* = - Equation 6: Effective Modulus
- Changes in the chemistry of the inks and architecture of the 3D Mechanical Testing L
printed structures will change the bulk properties of the scaffold. - Tensile tests were performed to measure the elastic modulus of the Discussion
individual filaments (E).
Materials and Methods - Quasistatic compression experiments were performed on the printed Non-ideal scenario

scaffolds to calculate the effective compressive modulus (E¥*).

Customized Microindenter - Contact area between fibers and fiber shape will affect the model

- The scaffold was modeled as Euler-Bernoulli beams as springs in

i a
« A customized microindenter was used to perform quasistatic series and parallel. (A) | | b | E*A E*-(Ny—1)-I%- (Ny—1)
compression experiments (see Fig. 1). (A) (B) “ K; = —— = x(N 57 y
- The load head consists of a rectilinear cantilever beam of known I )
stiffness, K. A capacitive displacement probe (Lion Precision, CPL290) 3.m-E-D* Ny N,
measures deflection of the cantilever. Kr = —7 N, = 1)
- The cantilever has a spherical probe at the end for contacting the ) a0,
center of a thin, rigid aluminum plate on the surface of scaffolds of L | _ 3:m-E-D?
interest. ] | B ==
- The load head is moved up and down in the Z direction with a
piezoelectric vertical stage (PIHera® P-628.1CD) | | Changes in fiber diameter/shape
! | . I (C) changes the area moment
l l a D
(A) (B) : : 4
. 6 r_i{ted c]l_l:J(asista'utic l0ad poirllts | i § i
/é?fagglevrﬁent probe or :ﬁgve\,aéw\,\\ ' thickness T = (NZ — 1) - D : | D : Side oD
reeinsar JAp1osholeT N - ' width X = (N,—1) - L : ] S —
tage o . l l
(lez) 5 lengthY = (Ny,—1)-L "o -rmommmmooooooo e
spherical probe . (C) Figure 3. (A) Non-ideal scenario where fibers with the effects on
scaffold < the mathematical model. (B) Top and side view of a node
<€ aluminum plate 1} Figure 2. (A) Isometric view of duringNon-ideal scenario. (C) Fiber shape variations during
| x-y stage | ) scaffold structure. (B) Lateral non-ideal scenarios.
15 02 025 ie of scaffold strucur
O 0.9 O['):Spg';:meon'tz(m&fs 0.3 0.35 \rlrlmovczlleled o EuIer-BerﬁoLlJJIIei » Variation between rea! measurements and the theoretical values were
beams fixed on both ends. (C) attributed to the non-ideal scenario.
Figure 1. (A) Load head of customized microindenter. (B) Representative Eeﬁregentatlve sketch of spring - Future work will look into variations in the architecture to tune the
. - ehavior. ' ' ' ' ' '
force (N) versus displacement (mm) curve in which 100s holds are fit to a mechanical properties with the desired chemical properties.
quasistatic linear relationship where the slope is the scaffold stiffness. « Current measurements are consistent with the non-ideal scenario
A 4 within a reasonable range.
K, = Equation 1: Bulk Stiffness z — . = 3-m-E-D
T s L I3 F AMU_F SU SURFACE INTERFACES &
Kr: Bulk stiffness A: Area Equation 2: Stiffness of a beam with fixed ends == E : : MATERIALS TRIBOLOGY
E*: Effective compressive modulus T: Thickness : nglneel‘ lng LABORATORY




