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GENERAL SUMMARY 
 
Large bone defects occur as a consequence of traumatic injuries and pathological conditions, and 

their reconstruction still remains challenging. Autografts are considered the standard procedure 

for the treatment of large bone defects; however their use is limited by donor availability, donor 

site morbidity, and need for multiple surgeries. Bone tissue engineering is rapidly developing as 

an alternative for the use of autografts in the treatment of large bone defects. Scaffolds play a 

critical role in the formation of new bone in the defect site. Conventional methods for the 

fabrication of tissue engineering scaffolds such as freeze drying and solvent casting-porogen 

leaching, have limitations such as toxic solvent residues, inaccurate control of the internal 

structure, and poor ability to customize for specific defect sites. 3D-printing is a relatively new 

technology used for the fabrication of various tissue engineering scaffolds with controlled shape 

and internal structure. Polycaprolactone (PCL) is the most widely used polymer for 3D-printing of 

bone scaffolds, since it has low melting and glass transition temperatures, which makes it easy 

to process. Due to the intrinsic hydrophobicity and surface smoothness, 3D-printed PCL scaffolds 

need surface modification for improved cell attachment, proliferation, and differentiation. Surface 

chemical modification by sodium hydroxide (NaOH) and immobilization of RGD on the surface of 

PCL scaffolds are among the most common approaches used for the improvement of PCL surface 

properties. In Chapter 2, the osteogenic activity of MC3T3-E1 pre-osteoblasts on chemically 

surface-modified or RGD immobilized 3D-printed PCL scaffolds was studied. We showed that 

RGD immobilization (0.011 µg/mg scaffold) on the surface and 24 h NaOH treatment of the 

surface of 3D-printed PCL scaffolds both enhance pre-osteoblast proliferation and matrix 

deposition, while only 24 h NaOH treatment results in increased osteogenic activity, making it the 

treatment of choice to promote bone formation by osteogenic cells. 

Mechanical properties of bone tissue engineering scaffolds play a major role in their in 

vivo performance. Natural bones are not exposed to homogeneous stresses during normal 

functions and therefore, prediction of forces induced to the native bone during normal functioning 

is important in the design, fabrication, and integration of scaffolds with the host. In Chapter 3, we 

predicted the forces and torques induced on the mandibular symphysis during jaw opening and 

closing by finite element modeling to customize the mechanical properties of 3D-printed PCL 

scaffolds accordingly. Our modeling results showed that during jaw opening, the highest force 

induced to the symphyseal line is a transverse compressive force that reduces from top-to-bottom, 

while a small tensile force is induced only to the lower parts of the symphysis. Therefore, we 

designed gradient scaffolds with increasing void size from top-to-bottom to achieve gradient 
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compressive strength in the scaffold. Measuring the compressive strength in the upper and the 

lower half of the gradient scaffolds separately confirmed that the gradient scaffolds have higher 

compressive strength in the upper half compared with the lower half which matches the predicted 

forces induced on the symphysis. We also showed that the 3D-printed PCL scaffolds have higher 

compressive strength in the scaffold layer-by-layer building direction compared with the direction 

perpendicular to the building direction (side direction). Our result indicate that the directionality of 

melt extrusion-based 3D-printed PCL scaffolds is highly important and should be taken into 

account in the design process and when placing the scaffold in the defect site. 

Scaffold internal architecture directly determines cellular microenvironment. Scaffold 

architecture can affect cell growth, signaling, and osteogenic differentiation. Scaffolds fabricated 

by conventional methods such as solvent casting-porogen leaching have a random porous 

internal structure while scaffolds fabricated by AM techniques such as 3D-printing have an 

ordered internal structure consisting of struts of the scaffold material. In Chapter 4, proliferation, 

matrix deposition, and differentiation of MC3T3-E1 pre-osteoblasts in porous or 3D-printed 

poly(lactic-co-glycolic) acid/β-tricalcium phosphate (PLGA/β-TCP) scaffolds were investigated. 

Our data demonstrate that the porous and the 3D-printed scaffolds equally support the pre-

osteoblasts proliferation and matrix deposition, while only the 3D-printed scaffolds show 

enhanced mechanical properties and osteogenic differentiation potential in vitro. This suggests 

that the 3D-printed PLGA/β-TCP scaffolds may be more promising for in vivo bone formation than 

the porous PLGA/β-TCP scaffolds. 

Effective incorporation of cells in 3D scaffolds remains a challenge. Conventional cell 

seeding may result in inhomogeneous distribution of cells in the scaffold and low seeding 

efficiency. With further development of the 3D-printing technology, it is now possible to print cells 

encapsulated in a hydrogel or “cell-ink” simultaneously with the scaffold material referred to as 

“3D-bioprinting”. However, some cell functions might be affected by the hydrogel properties. 

Moreover, during the bioprinting process, cells might experience unintended shear stress that 

may adversely affect their function. In Chapter 5, we incorporated MC3T3-E1 pre-osteoblasts in 

PLGA/β-TCP scaffolds by either seeding the cells post scaffold printing or by bioprinting the cells 

encapsulated in alginate layer-by-layer between the PLGA/β-TCP struts and investigated whether 

differences exist in the response of pre-osteoblasts to these two cell/scaffold constructs. We found 

that encapsulation of MC3T3-E1 pre-osteoblasts in alginate and printing inside PLGA/β-TCP 
scaffold enhances cell retention, but impairs cell proliferation and osteogenic differentiation 

compared to seeding the cells on PLGA/β-TCP scaffolds post-printing. These results, together 

with new insights in the effects of scaffold architecture and surface modifications on increasing 
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proliferative and osteogenic differentiation potential of 3D-printed scaffolds containing osteogenic 

cells, improves our understanding of how pre-osteoblasts interact with 3D-(bio)printed scaffolds. 

These insights could contribute to the development of functional 3D-printed scaffolds for bone 

tissue engineering applications. 
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