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a b s t r a c t

Biomaterials are used to engineer functional restoration of different tissues to improve
human health and the quality of life. Biomaterials can be natural or synthetic. Additive
manufacturing (AM) is a novel materials processing approach to create parts or prototypes
layer-by-layer directly from a computer aided design (CAD) file. The combination of addi-
tive manufacturing and biomaterials is very promising, especially towards patient specific
clinical applications. Challenges of AM technology along with related materials issues need
to be realized to make this approach feasible for broader clinical needs. This approach is
already making a significant gain towards numerous commercial biomedical devices. In
this review, key additive manufacturing methods are first introduced followed by AM of
different materials, and finally applications of AM in various treatment options.
Realization of critical challenges and technical issues for different AM methods and bioma-
terial selections based on clinical needs are vital. Multidisciplinary research will be neces-
sary to face those challenges and fully realize the potential of AM in the coming days.

� 2017 Published by Elsevier Ltd.
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1. Introduction

Additive manufacturing (AM) means processing or prototyping approaches that are capable of fabricating metallic, poly-
meric, ceramic or composite structures in a layer-by-layer manner from a computer generated design file. AM is also referred
to as 3D Printing, Solid Freeform Fabrication (SFF), Layered Manufacturing (LM) or Rapid Prototyping (RP). In any AM process,
parts are first designed using a computer aided design (CAD) software. Surface features of the three-dimensional CAD files
are then exported to a file typically with a .STL extension. The .STL file is the main input file for an AM fabricator where the
part is built. The surface file is sliced in a virtual environment into many two-dimensional (2D) layers. An AM machine then
uses those 2D layers of the design file and creates the necessary tool-path along the X and Y directions for direct manufac-
turing. Finally, each layer is processed sequentially one on top of the other to form a three-dimensional part. Since each part
is fabricated by adding layers on top of a previous layer, this type of manufacturing approach is called ‘‘additive manufac-
turing (AM)”. AM fabricators utilize many conventional manufacturing techniques to build each layer. For example, Fused
Deposition Modeling (FDM) is one of the most popular AM methods for polymeric materials. FDM works basically by soft-
ening a thermoplastic polymeric material and then extruding it through a nozzle to create a layer. Extrusion is a common
manufacturing technique for polymers. However, extrusion of multiple layers based on a computer file to create a 3D object
is the novelty for FDM. Thus, it can be seen that additive manufacturing borrows conventional manufacturing concepts and
utilizes them in a non-traditional way to directly build 3D parts without using any part-specific tooling.

However, there are many differences between additive and conventional manufacturing. Conventional manufacturing
processes are evolved to manufacture a large variety of parts as fast as possible, maybe even in high volume. Starting from
rawmaterials to a finished part, processes are optimized for the highest yield. A simple example of such manufacturing prin-
ciples is the steel industry, where high volume, low-cost fabrication processes like casting, forging or rolling are commonly
practiced. After fabrication, parts are machined per customer requirement. In this machining stage, the material is removed
and sometimes can be expensive as well as time-consuming. Finally, different components are assembled into a single system.
The entire process from the design stage to the actual part realization is long but cheap for large volume production. AM, on
the other hand, is a material-specific and design-specific system. Realization of high yield and low cost are not alwaysmanda-
tory. AMmethods are unique in the situations where the production volume is not high, the cost of production is not the big-
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