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Fig. 1 Schematic illustrations of typical 3D printing technologies:

¢
Platform ﬂ
(b) z-axis

(a) stereolithography ( Reprinted from Ref. [ 4 ]; Copyright

(2010) , with permission from Elsevier) and (b) fused deposition modeling ( Reprinted from Ref. [ 5]; Copyright (2002), with

permission from Elsevier)
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Fig. 2 (A) SEM images of PPF scaffolds with (a, c¢) hexagon and (b, d) square pores fabricated by SLA ( Reprinted with
permission from Ref. [ 11]; Copyright (2007 ) American Chemical Society) and (B) SEM images of porous ( PLA-FA); gyroid

structures built by SLA ( Reprinted with permission from Ref. [ 13]; Copyright (2009) American Chemical Society)
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Table 1 Examples of scaffolds fabricated by 3D printing

Material 3D printing technology Application Ref.
OCM-2/HA SLA Mandibular scaffold [28]
Hyaluronic acid derivative SLA Auricle scaffold [39]
PEGT/PBT 3D fiber deposition Femoral and tibial scaffolds [50]

PCL SLS Mandibular condyle scaffold [57]
PLGA(95/5)/HA SLS Model of a human fourth middle phalanx [64]
Ca-P SLS Proximal femoral condyle scaffold [65]
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Fig. 3 (a) Printed heterogeneous valve, where root was formed with 700 MW PEG-DA hydrogel while the leaflets were formed with 700/

8000 MW PEG-DA hydrogels. Key features such as the coronary ostium and sinuses were presented ( Reproduced with permission from Ref.

[35]; Copyright 2012 10P Publishing). (b) Photograph of 3D printed hyaluronic acid/dextran hydrogel ( Scale bar indicates 25 mm;

Reprinted with permission from Ref. [37]; Copyright (2011) American Chemical Society)
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Fig. 4 Immunofluorescence images showing the biological functionality of the HUVEC seeded scaffolds

The presence of endothelial cell specific markers CD31 (a) and vonWillebrand factor (vWF; b) showed that the confluent endothelial cells

retained their phenotype during the culture period. Moreover, Ki67 labeling (¢) showed HUVEC adhered on the scaffolds and expressing this

marker (arrows, d), indicating a proliferative state after 4 days in culture( Reprinted from Ref. [38]; Copyright (2012), with permission

from Elsevier)
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Fig. 5 Macroscopic images of 3D-printed scaffolds before implantation: top view of (a) PCL and (b) PHMGCL scaffolds and side view of
(¢) PCL and (d) PHMGCL scaffolds (Scale bar is 2. 5 mm; Reprinted from Ref. [45]; Copyright (2012) , with permission from Elsevier)
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PROGRESS IN THE DEVELOPMENT OF BIOMEDICAL POLYMER MATERIALS
FABRICATED BY 3-DIMENSIONAL PRINTING TECHNOLOGY

Chao-liang He, Zhao-hui Tang, Hua-yu Tian, Xue-si Chen
(Key Laboratory of Polymer Ecomaterials, Changchun Institute of Applied Chemistry, Chinese Academy of Sciences, Changchun 130022)

Abstract  Custom-designed biomedical polymer materials can be fabricated rapidly and precisely by 3-
dimensional (3D ) printing technology according to the requirements of patients with various diseases. In
addition , the microscopic structure of the materials can be controlled during the printing process. Therefore , this
novel type of technology has unique advantages in the preparation of next generation of biomedical polymer
scaffolds. In recent years,the development of biomedical polymer materials by using 3D printing technology has
received increasing attention. Various biocompatible polymers have been used to construct 3D scaffolds via 3D
printing , and the printed polymeric scaffolds have been tested for in vitro cell culture,soft tissues repair or hard
tissue repair in animal models. This review emphasizes recent advances in the development of biomedical
polymer materials made by 3D printing technology, and some future applications and challenges of the
technology are discussed.

Keywords 3D printing technology, Custom-designed, Biomedical polymers, Tissue engineering



