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Abstract

The treatment of bone defects is facing the situation of lacking donations for
autotransplantation. As a valid approach, scaffold-based tissue engineering
combines the construction of well-defined porous scaffolds with advanced cell
culturing technology to guide tissue regeneration. The role for the scaffold is to
provide a suitable environment with a sufficient mechanical stiffness, supports
for cell attachment, migration, nutrients and metabolite transport and space
for cell remodeling and tissue regeneration. The random copolymers poly(L-
lactide-co-#-caprolactone) (poly(LLA-co-CL)) and poly(L-lactide-co-1,5-
dioxepan-2-one) (poly(LLA-co-DXO)) have been successfully incorporated
into 3D porous scaffolds to induce specific interactions with cells and direct
osteogenic cell differentiation. In this thesis, these scaffolds have been modified
in chemical and physical ways to map and understand requirements for bone
regeneration. Scaffold functionalities and properties, such as hydrophilicity,
stiffness, size/shape, and reproducibility, were studied. The hydrophilicity
was varied by adding 3–20 % (w/w) Tween 80 to poly(LLA-co-CL) and
poly(LLA-co-DXO) respectively, which resulted in contact angles from 35° to
15°. With 3 % Tween 80, the resultant mechanical and thermal properties were
similar to pristine polymer materials. Tween 80 did not significantly influence
cell attachment or proliferation but did stimulate the mRNA expression of
osteogenetic markers. The surface functionality and mechanical properties
were altered by introducing nanodiamond particles (n-DP) into poly(LLA-co-
CL) scaffolds by means of surface physisorption or hybrid blending. Scaffold
with n-DP physisorbed showed improved cell attachment, differentiation, and
bone reformation. Hybrid n-DP/poly(LLA-co-CL) composites were obtained
by direct blending of polylactide modified n-DP (n-DP-PLA) with poly(LLA-
coCL). The n-DP-PLA was prepared by sodium hydride-mediated anionic
polymerization using n-DP as the initiator. Prepared n-DP-PLA could be
dispersed homogenously in organic solvents and blended with poly(LLA-
coCL) solution. The n-DP-PLA particles were homogenously distributed in the
composite material, which significantly improved mechanical properties. For
comparison, the addition of benzoquinone-modified n-DP (n-DP-BQ) did not
reinforce poly(LLA-co-CL). This indicated the importance of specific surface
grafting, which determined different particle-polymer interactions. For the
treatment of critical size defects, a large porous poly(LLA-co-CL) scaffold (12.5
mm diameter × 25 mm thickness) was developed and produced by molding
and salt-leaching methods. The large porous scaffolds were evaluated in a
scaffold-customized perfusion-based bioreactor system. It was obvious that the
scaffold could support improved cell distribution and support the stimulation
of human mesenchymal stem cell (hMSC) especially with dynamic flow in a
bioreactor. To improve the scaffolding technique, a three-dimensional fiber
deposition (3DF) technique was employed to build layer-based scaffolds.
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Poly(LLA-coCL) scaffolds produced by the 3DF method showed enhanced
mechanical properties and a homogeneous distribution of human osteoblasts
(hOBs) in the scaffolds. Although poly(LLA-co-CL) was thermally degraded, the
degradation did not influence the scaffold mechanical properties. Based on the
computerized design, a 3DF scaffold of amorphous copolymer poly(LLAco-CL)
provides high-precision control and reproducibility. In summary, the design
of porous scaffolds is one of the essential factors in tissue engineering as to
mimicking the intrinsic extracellular environment. For bone tissue engineering,
an optimized scaffold can maintain a contact angle greater than 35 degrees.
Pristine or modified n-DP, introduced as an additive by surface physisorption
or direct blending, can improve scaffold mechanical properties and cell
response. Various sizes of scaffolds can be easily produced by a mold-mediated
salt-leaching method. However, when 100 % reproducibility is required, the
3DF method can be used to create customizable scaffolds.

Keywords
Tissue engineering, nanodiamond, scaffold, bioreactor

http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-152605

