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3D DATA IN THE CLASSROOM 
THE USE OF 3D PRINTING FOR COMPARATIVE VERTEBRATE NEUROANATOMY 

 

OUR PROJECT 

 

The What, Why, How? 

 
You may have stumbled upon our blog and came face to face with a lot of questions. 
First and foremost being, what is our project all about? Well, let us tell you… 

  

THE WHAT 
Understanding the brain is one of the ultimate challenges of the 21st century. 
However, the brain is not easily accessible, either literally or figuratively. This project 
will utilise 3D printing to reproduce brain models from a wide range of animals, thus 
making them become accessible, visible and touchable to UWA students and to the 
broader community, nationally and internationally. 

This blog will walk you through the entire process of creating a 3D printable object, 
including tissue acquisition and preparation, bioimaging, digital segmentation and 
mesh development, and 3D printing. 

http://blogs.uwa.edu.au/3dbrainprinting/files/2016/02/Lecture_opt-1wiso5u.jpg


  

THE WHY 
Brains of different animals are unique and possess extraordinary natural variation 
that reflects the functional requirements of an animal’s nervous system and therefore 
gives important insights into ecology and evolution. 

By incorporating our geometrically accurate brain collection into courses here at 
UWA, students can handle, assess and measure neural characteristics in a range of 
animals, reducing the need to sacrifice new animals and improving ongoing 
conservation efforts for rare and endangered species. 

  

THE HOW 
In this project, we’re using an unparalleled collection of preserved animal brains that 
has been collected by Our Team at UWA and make them accessible by scanning 
them using magnetic resonance imaging (MRI) at the Centre for Microscopy, 
Characterisation and Analysis (CMCA) and then 3D printing them in The School of 
Mechanical and Chemical Engineering. 
We’ve been working hard to  obtain high-resolution MRI scans of selected animal 
brains currently in our collection. This selection includes brains from rodents, 
marsupials, birds, reptiles and fishes (stay tuned for sneak peaks!). Our group has 
extensive experience in the imaging of non-mammalian tissue. Imaging of the brain 
of each specimen has been performed on an ARC LIEF-funded Bruker 9.4 Tesla 
small animal scanner, operated at CMCA. Then, we can digitally segment the MRI 
data and create a file that’s suitable for printing here on campus. We plan to walk 
you through every step of the process on this blog and give you the inside scoop on 
how we make it happen! 

Can’t wait for our blog posts to start rolling out? Start with our latest video on the 
motivation behind this exciting project! 

https://www.youtube.com/watch?v=pfoAXwzoFkI 

 

Meet Our Team 
A project is only as good as the people behind it. We have joined together marine 
biologists, neuroscientists, vascular engineers, comparative neuroanatomists, and 
mechanical engineers to bring bioimaging and 3D printing technology into the 
classroom. Meet our fantastic team of researchers at UWA who have joined their 
collective expertise to make this project possible! 
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Research Asst/Prof Kara E Yopak 
Neuroecology Group, the UWA Oceans Institute, and the School of Animal Biology 

 
 
Asst/Prof. Kara E. Yopak is a part of the Neuroecology Group, which resides within 
the UWA Oceans Institute and the School of Animal Biology. Her research focuses 
on the evolution of neural systems, particularly how brains have diversified within 
some of the earliest vertebrate groups, namely sharks, skates, rays, and chimaerids, 
a group collectively referred to as Chondrichthyans. She studies how the 
development of major brain areas vary between species in conjunction with the 
adaptive evolution of their sensory and motor systems. Kara has utilized a variety of 
traditional and novel techniques to explore questions related to brain evolution of 
fishes, including magnetic resonance imaging (MRI) and, more recently, 3D printing. 
Her data suggest that brain organization and the relative development of major brain 
structures reflect an animal’s ecology, even in phylogenetically unrelated species 
that share certain lifestyle characteristics, a pattern similarly documented in other 
vertebrate groups. The incorporation of 3D printing into her research takes her vast 
collection of brains out of jars and into the classroom, allowing for various aspects of 
the central nervous system to be kinesthetically explored by students. 
 
Research Associ/Prof Melinda Fitzgerald: 
NHMRC Career Development Fellow, Experimental and Regenerative 
Neurosciences, School of Animal Biology 
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Associate Professor Lindy Fitzgerald is a neuroscience researcher at The University 
of Western Australia. She has 12 years’ post-doctoral experience and leads a team 
of 12 researchers and post-graduate students. Lindy’s research is focused around 
understanding and preventing the spread of damage following neurotrauma. She 
uses innovative techniques to quantify biochemical and structural changes in nerve 
surrounding the injury and is developing treatment strategies, including combinations 
of inhibitors, red light therapy and nanotechnology delivery systems. In her 13 post-
doctoral years Lindy has published over 55 scientific research papers andhas been 
invited to speak at numerous local, national and international conferences on her 
research findings. Lindy currently holds a Career Development Fellowship from the 
National Health and Medical Research Council of Australia, and leads two Project 
Grants. She has been awarded a total of $6.5 million to support the salaries of 
herself and her staff, as well as the expenses of running her research program. 
Lindy believes in the need for a vibrant research community and contributes to this 
by convening the annual Symposium of WA Neuroscience and the UWA 
neuroscience seminar series. She also serves on grant review panels, contributes 
extensively to reviewing, Chairs Departmental committees and is one of the founding 
coordinators of the Faculty of Science Women in Science group, incorporating a 
Faculty wide mentoring program. Lindy is committed to inspiring young potential 
scientists and making neuroscience accessible to the wider community. 3D printed 
brains from a wide range of species are helping her to explain the complexities of the 
nervous system and engage at a deeper level with children and adults interested in 
science. 

  

Assoc/Prof Jennifer Rodger 
NHMRC Senior Research Fellow, Experimental and Regenerative Neurosciences, 
School of Animal Biology 

 
 
Dr Jennifer Rodger is an Associate Professor and NHMRC Senior Research Fellow 
at Experimental and Regenerative Neurosciences within the School of Animal 
Biology, University of Western Australia. 
She completed a BScHons in Biochemistry at the University of Bath, UK, followed by 
a PhD in Molecular Neuroscience at the University Pierre et Marie Curie, France. Dr 
Rodger subsequently moved to the University of Western Australia to work with 
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Professors Lyn Beazley and Sarah Dunlop in the field of neural regeneration. She 
currently leads a research team investigating issues of brain plasticity relevant to 
brain disorders and employs various experimental models, especially the visual 
system, to ascertain how morphological and functional improvement can be 
achieved in the injured brain. Her most recent work focuses on the use of pulsed 
magnetic fields to promote neural circuit reorganisation and repair. 

Dr Rodger has published more than 75 peer-reviewed papers including key papers 
in the prestigious Journal of Neuroscience and FASEB Journal. She holds current 
funding from the NHMRC, ARC and Neurotrauma Research Program (WA). 

  

Prof Shaun Collin 
Winthrop Professor in the School of Animal Biology and Deputy Director of the 
Oceans Institute at The University of Western Australia 

 
Professor Collin, a former WA Research Fellow, is a world leader in how animals 
perceive and process their sensory world under different environmental conditions. 
He uses innovative techniques in anatomy, electrophysiology, bioimaging, molecular 
biology and behaviour to understand the evolution and mechanisms of neural 
processing for a range of senses including vision, hearing, olfaction and 
electroreception. Professor Collin’s research is being incorporated into shark 
mitigation technologies, improving aquaculture industries, identifying the effects of 
anthropogenic disturbances such as underwater noise and dredging activities, with 
the ultimate aim of informing management strategies to conserve West Australia’s 
unique biodiversity. The 3D printing of vertebrates is an excellent addition to his 
BIOL5505 Marine Neuroecology and Behaviour Course, which explores the 
evolution of the peripheral nervous system and the brain and the changes in the size 
and shape of the sensory brain regions in response to environmental cues. 
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Assoc/Prof Tim Sercombe 
School of Mechanical and Chemical Engineering 

 
 
Assoc/Prof Tim Sercombe is an Associate Professor within the School of Mechanical 
and Chemical Engineering. Tim has been working in the field of 3D printing since 
1996 and my research interests are in the field of 3D printing of metals using 
Selective Laser Melting. His current projects include: 
1. Low modulus titanium for orthopaedic applications 
2. Selective laser melting of aluminium and aluminium matrix composites 
3. Selective laser metal of metallic glasses 
4. Design of high strength and stiffness to weight ratio structures 
5. Antibacterial/antimicrobial materials. 
6. Bioprinting – 3D printing of living cells. Towards a 3D printed organ 
Tim is also leading the 3D Printing Network at the University of Western Australia, 
which brings together a wide range of researchers using 3D Printing in either their 
research or teaching activities. This group is developing an online resource to 
provide a centralised source of information regarding capabilities in the area of 3D 
Printing on campus. 
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Assoc/Prof Barry Doyle 
NHMRC RD Wright Biomedical Fellow, School of Mechanical and Chemical 
Engineering 

 
 
Barry Doyle is Head of the Vascular Engineering Lab (VascLab), Senior Lecturer and 
NHMRC RD Wright Biomedical Fellow at The University of Western Australia. Barry 
has a BEng (2005) and PhD (2009) in Biomedical Engineering from The University of 
Limerick, Ireland, and was a Marie Curie Fellow in the BHF Centre for 
Cardiovascular Science at The University of Edinburgh, where he remains an 
Honorary Fellow. 
His group’s research focusses primarily on cardiovascular health and disease, and 
applies cutting-edge engineering techniques to better understand vascular 
physiology and treat disease. To date, Barry has authored one book, edited three 
books, five book chapters, 38 journal articles, and over 80 conference publications. 
He is on the editorial board of the Journal of Endovascular Therapy and a guest 
editor for two other journals; leads numerous national and international 
collaborations; has won over 25 different awards, and has attracted approximately 
$5.5 million in funding. 

 Thomas Dean 
Student, School of Mechanical and Chemical Engineering 

I’m Thomas Dean, 
mechanical engineering student and the Project Manager for the UWA Makers.  We 
are a student run organisation based out of UWA that promotes innovation and 
collaboration.  By teaming students up with industry professionals and research 

http://www.web.uwa.edu.au/people/barry.doyle
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associates, we ignite ideas for several diverse and interesting projects. Our 
laboratory focuses heavily on 3D printing jobs, including manufacturing animal brains 
from MRI images. 
  

 Katie Mills  
Assistant Library Manager (Projects), University Library 

 
 
Katie Mills is the Assistant Library Manager (Projects) within the Library at the 
University of Western Australia. Katie has held a variety of roles at UWA and was 
most recently the Associate Manager in the Barry J Marshall Library before her 
current role. Katie currently has a dual role working on communication and marketing 
initiatives for the Library as well as managing the University’s research publication 
collection. Katie’s expertise and professional interests include digital media, 
marketing and engagement and 3D printing. 
Katie is coordinating the 3D printing trial for staff, students and community members 
in the Barry J Marshall Library which was made possible by the Alumni Annual Fund. 
  

Our Courses 
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Why is it important to print 3D printing technology into the classroom? Students have 
clearly expressed their desire for more “hands on” modes of learning. However, 
there are challenges in satisfying this desire when animal tissues are involved such 
as 

1. Ethical issues associated with using animal material (especially rare or 
endangered species) for teaching; 

2. Real brains are fragile, even when preserved, and extensive handling results 
in damage and degradation; 

3. The expense of collecting this important tissue for each cohort of students on 
an ongoing basis; 

4. the risks of exposing students to the fixatives used to preserve brain tissue 
and 

5. the small size of some of the brains that prevents close investigation and 
hampers our ability to indicate important structures. 

Developing a collection of 3D-printed brains will overcome these challenges and 
provide attractive and robust specimens that can be handled and used for teaching 
within the Neuroscience Major and a range of Masters Specialisations (with the 
potential to be used in the biomedical sciences) for years. Our project will be used to 
improve the student experience in undergraduate and postgraduate teaching by 
curating both knowledge and content. Our 3D- printed, geometrically accurate brains 
will contribute to learning outcomes in: 

Undergraduate: ANIM3320 Comparative Neurobiology: This 3rd year course 
deals with the development and mature organisation of the nervous system in a wide 
range of animals. The unit examines the complex wiring of the brain and how this 
organisation relates to an animal’s behaviour, ecology and environmental needs. 
(Unit Coordinator: Assoc/Prof Jennifer Rodger) 
 
Postgraduate: BIOL5505 Marine Neuroecology and Behaviour: This 4th and 5th 
year course explores the central and peripheral nervous systems of a range of 
aquatic animals (invertebrates, cartilaginous fishes, bony fishes, and marine 
mammals). The purpose of this course is to introduce students to the neurobiology of 
marine animals, with emphasis on sensory ecology and behaviour. (Unit 
Coordinator: Prof Shaun Collin) 
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Welcome to our Blog! 
Published on 24 February 2016 |   

 
 

Hello and welcome! The fact that you’ve found out blog means you have an interest 
in brains, bioimaging, 3D printing or a combination of all of the above. Or perhaps 
you’ve come here accidentally. Well, we hope you stay awhile! 

In a nutshell, we are bringing the technology of 3D printing into the Classroom. 
Because many of us are comparative neuroanatomists (which means we explore 
variation in size and shape of the brain between different species), we have chosen 
to print geometrically accurate models of the brain from a wide range of animals, 
from a shark all the way up to a human. Embarking on this project will allow our 
students to handle, assess and measure neural features and get a true sense for the 
natural variation that exists in the brain – and some of the startling 
similarities. Further, by using 3D printing, we are reducing the need to sacrifice new 
animals and improving ongoing conservation efforts for rare and endangered 
species. 
We are a team of researchers at The University of Western Australia with a passion 
for innovation in teaching. We aim to provide flexible learning tools that addresses 
three key components of effective teaching: 

1. mentally, visually, and emotionally engaging the students; 
2. fostering a learning environment that encourages critical thinking and 

heutagogical learning; 

http://blogs.uwa.edu.au/3dbrainprinting/meet-our-team/
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3. instilling in students, through a cross-pollination of disciplines, that science is 
relevant, cutting edge & exciting. 
 

If this is your first time visiting our blog, we recommend reading a bit of the detail 
behind our project, introducing you to our fabulous team of researchers, and telling 
you a bit about the courses we’re introducing some of these technologies into. Over 
the course of the next several months, we plan to introduce you to the field of 
comparative neuroanatomy and explain the process of creating a 3D printable 
object, from tissue acquisition and preparation; bioimaging, digital segmentation and 
mesh development; and 3D printing. 
We encourage you to ask questions along the way and hopefully we can teach you a 
think or two about your own neuroanatomy! 

  

Grateful for Support From 
Centre for Education Futures Scholarship Program 

Faculty of Science Teaching & Learning Strategic Fund Grant 
School of Animal Biology 

 
 

Why Study Comparative Neuroanatomy? 
Published on 23 March 2016 |   

If you’re happening upon our blog for the first time, the big question on your mind 
might be: Why do we study brains? And if you checked out out Team of 
Researchers, you know that many of us are comparative neuroanatomists. So, why 
study brains and, more specifically, why is it informative to compare brains to one 
another? 
As comparative neuroanatomists, we compare and contrast the brains of different 
animals (Fig. 1) to try to make sense of the rules that may govern how brains 
change. We may look at the brains of closely related species (i.e., within a given 
taxonomic group) or we may broadly compare across divergent taxa. Essentially we 
are asking two fundamental (and simple sounding) questions: 1. How are brains 
similar between species? and 2. How are brains different? Although these questions 
sound very straightforward, they’re not always easy to answer. 

http://blogs.uwa.edu.au/3dbrainprinting/the-what-why-how/
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Fig. 1. A comparison of mouse, monkey, and human brains. Original Photo 
from: Comparative Mammalian Brain Collections. Acquired from: BraInSitu 

 
Firstly, there are a lot of similarities in the brain that are common across all 
vertebrates. This means that there are major structures that make up your brain that 
can be identified in nearly all other vertebrates, including other mammals, birds, and 
fishes, such as the ‘cerebrum’ (also called the telencephalon), cerebellum, and optic 
tectum (Figure 2). And there are also fundamental constraints that dictate how big 
brains can get and the relationship between brain and body growth. Similarly, we can 
investigate the relationship between different brain structures and brain size and test 
whether there are rules that govern brain structure change across different animals. 
In a paper by several members of our team, we showed startling similarities between 
the relationship between brain structure size and brain size from sharks all the way 
through to primates (Yopak et al., 2010). 

http://www.brainmuseum.org/index.html
http://www.nibb.ac.jp/brish/Gallery/cortexE.html
http://www.pnas.org/content/107/29/12946.full
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Fig 2: Lateral views of brains from a range of vertebrates (drawings not to scale). 
Figure adapted from: McGraw-Hill Concise Encyclopedia of Bioscience. (2002) 

 

Within these common developmental rules, there is still quite a lot of natural variation 
in the brain – even within a single taxonomic group – and this variation often reflects 
the functional requirements of an animal’s nervous system and therefore gives 
important insights into ecology and evolution. Because we know the regions of the 
brain that receive input from certain sensory systems or are responsible for 
coordinating higher cognitive function, examining variation in the size of these 
structures can have important functional implications. Across many vertebrates 
groups, studies have shown that differences in brain size as well as the relative 
development of major brain parts are often closely linked to an animal’s ecology or to 
specialized behavior patterns. From looking at the relative size and shape of the 
brain region and pathways responsible for olfaction (smell) (Figure 3), for example, 
we can make predictions about the animals that may be olfactory specialists. 

http://encyclopedia2.thefreedictionary.com/nervous+system
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Fig 3: Variation in the olfactory bulbs in sharks and their relatives (olfactory bulbs 
indicated in red). Photo adapted from Yopak et al. (2015) 

It’s one thing to tell you that brains are both similar and different, but we’re hoping to 
take our collective knowledge and move from words into 3D objects that our students 
can pick up and explore. Our next blog post is going to talk you through how we 
acquire and properly prepare nervous system tissue, on its journey to becoming a 
geometrically accurate, 3D printable object. Stay tuned…. 

 

References: 
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Implications of Brain Scaling. J Fish Biol 80:1968-2023. (read here) 
2. Yopak KE, Lisney TJ, Darlington RB, Collin SP, Montgomery JC, Finlay BL 
(2010): A conserved pattern of brain scaling from sharks to primates. Proceedings of 
the National Academy of Sciences 107:12946-12951. (read here) 
3. Yopak KE, Lisney TJ, Collin SP (2015): Not all sharks are “swimming noses”: 
Variation in olfactory bulb size in cartilaginous fishes. Brain Structure and 
Function 220:1127–1143 (read here) 
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Tissue Acquisition & Preparation 
Published on 23 May 2016 |   

Although it’s a common misconception that one can just snap a few photos of a 3D 
object, wave a magic wand around and produce a perfect replica, a 3D printed 
model is really only as good as the data you put into it. And for us, that always 
comes down to preparing the tissue properly from start to finish. 

Our object in question (if you haven’t already gathered from the blog) is brain tissue. 
For various purposes, ranging from research to teaching, many members of Our 
Team have brain tissue from a range of vertebrates in our existing collections. So, 
how did they get there? And how can you ensure they’ll be optimal for 3D printing? 
 

 
 

All research starts and ends with animal ethics. All tissue that we have collected has 
been in accordance with the ethical guidelines of the University of Western Australia. 
With the approval Animal Ethics Committee, we ensure all tissue is collected 
humanely and that we only collect what we need to achieve statistical significance. 
And projects like this one are great, because it also ensures we can print additional 
samples as needed without the need to collect new animals. 

Preparation of brain tissue usually involves perfusion with a fixative – this involves 
replacing blood with a type of preservation liquid and ensures the brain tissue is fixed 
quickly and completely. We used a range of aldehyde-based fixatives (such as 10% 
formalin, 4% paraformaldehyde , and Karnovsky’s). By doing this, you can ensure 

http://blogs.uwa.edu.au/3dbrainprinting/meet-our-team/
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that the brain tissue can (and will) be stored for many years without degrading. 
Because brain tissue starts to break down very quickly, this is a critically important 
step to preserve the integrity of the tissue. 

Once the tissue is fixed, you have many options, including gross dissection, brain 
sectioning (for histology or immunohistochemistry), and a range of bioimaging 
techniques. For this project, we have opted to utilize magnetic resonance imaging 
(MRI) to obtain 3D digital data from the brain tissue – more on MRI in our next post! 

  

Looking Inside Without a Scalpel: MRI & Why It’s 

Awesome 
Published on 6 June 2016 |   

You will have learned from our previous post all about the importance of tissue 
fixation. Now, we’re going to walk you through the next step in our journey to printing 
geometrically accurate models of our brain collection: magnetic resonance imaging. 
Magnetic Resonance imaging (or MRI, as you normally hear it referred to) is unique 
in its ability to acquire very high resolution images of soft tissue structures. The best 
part of this technology is that it allows you to acquire data non-invasively. In other 
words, we can look inside an animal without having to dissect it. 

 
Fig. 1. The inner workings of an MRI machine. Photo credit: Funkidslive.com 
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The instrument relies on the fact that our bodies are made up of a lot of water (and 
water is made up of hydrogen protons, or positively charged atoms). When you’re in 
the MRI machine, the magnetic fields produced are used to align the  hydrogen 
protons in your body. Radio frequency waves are sent through the body and 
absorbed by the protons and then emitted as a signal. A radio frequency coil picks 
up the signal and transmits it to a computer, which processes the data and 
generates an image. 

Below you can see how we used this technology to look inside the brain of the whale 
shark, Rhincodon typus, who’s brain we would not have been able to examine or 
quality otherwise. 
 

 
Fig 2: Brain images of the whale shark Rhincodon typus, acquired using MRI. (A) 
Sagittal slice of the brain. (B) Digital segmentation of the major structures of the 
brain and cranial nerves, in lateral views. Photo adapted from Yopak and Frank 
(2009) 

 

In our case, MRI allows us to get high resolution images of the brain, which can then 
be digitally segmented. This is simply a fancy way of saying that we can use a 

http://www.karger.com/Article/Abstract/235962
http://www.karger.com/Article/Abstract/235962
http://www.karger.com/Article/Abstract/235962


computer program to color in our object in 3-dimensions, generating a 3D mesh. This 
mesh can be exported as a file that can be read by our 3D printer, which can then 
print a geometrically exact replica of the brain we originally imaged. 

 
Fig 3: The brain of the shortfall mako shark, Isurus oxyrinchus, going from (A) brain 
tissue, to (B) 3D brain data, acquired using MRI, to (C) a 3D printed object. Images 
Copyright Yopak (2016). 

 

For this particular project, we’re using MRI because it provides very high resolution 
images from which we can generate high quality 3D printed models. There are a 
number of handheld scanners on the market, but it’s important to remember that 
what comes out of the 3D printer is only as good as the data that goes into it. We’ll 
be exploring 3D printing and expectations vs. reality in our next post – hope to see 
you there!! 

 References: 

1.Yopak and Frank (2009) Brain Size and Brain Organization of the Whale Shark, 
Rhincodon typus, using Magnetic Resonance Imaging. Brain Behavior and Evolution 
74: 121-142 (read here) 
 

 

3D Printing: Expectations & Reality 
Published on 27 July 2016 |   

3D Printing (more correctly known as additive manufacturing) covers a range of 
different technologies, which all share one common feature – they add material, 
layer by layer, to create parts. This very different to normal manufacturing processes 
such as machining, which removes unwanted material from a big block of material. 
What differentiates the different 3D Printing techniques is how the material is added. 
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Some use a laser to cure a liquid polymer; others extrude plastic, while some melt 
metal powder using high powder lasers. One of the key advantages of 3D Printing is 
the ability to produce parts that are too expensive to be able to be produced using 
traditional manufacturing methods. This may be due to the fact that only a few parts 
are needed or due to the highly complex nature of the geometry. This latter point is 
one of the main advantages of 3D Printing – the ability to produce shapes that are 
“impossible”. This ability of 3D Printing to produce “any” shape has allowed 
designers to create parts based purely on their functional requirements, rather than 
being constrained by the limitations of traditional manufacturing. An excellent 
example of this is comes from RMIT’s Centre for Additive Manufacturing, who used 
topological optimisation to design a titanium airframe bracket (shown in Figure 1) 
which resulted in a 40-60% mass reduction over the existing part. 
 

 
Figure 1. 3D Printed titanium airframe bracket produced at RMIT. Image courtesy 
A/Prof Martin Leary, RMIT 
http://www.rmit.edu.au/research/research-institutes-centres-and-groups/research-
centres/centre-for-additive-manufacturing 

One of the historical obstacles of 3D Printing, the cost of the equipment, has largely 
been overcome in recent years as result of the expiry of the first patents that were 
protecting the technology. Now, entry level 3D Printers can be bought for less than 
$500, which has allowed Schools, Universities and even individuals access to the 
technology. That said, these cost of high end, professional printers are still quite high 
and usually in excess of $100,000 and even above $1M. 

These technologies are being touted as the future of manufacturing and may well 
replace traditional manufacturing in the future. However, before this can occur, a 
number of the limitations of 3D Printing need to be overcome. The first of these is 
speed. Although originally called Rapid Prototyping, these techniques are not what 
most people consider to be rapid. Certainly the production rate compared to 
traditional mass-production is very low. Coupled with the inability to build large parts 
or a large number of smaller parts simultaneously (typical build area is <500mm in 
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each direction) means the cost per part is quite high. While for small numbers (less 
than a few hundred) the cost of 3D Printed parts can be cheaper than tradition 
manufacturing, high volume production is currently too expensive. Secondly, the 
surface finish of 3D Printed parts is generally inferior to that of other manufacturing 
technologies and therefore time consuming and costly surface finishing is often 
needed (see Figure 2). Another is that although the direct printing metal parts is 
possible, there are a limited number of materials that are available. In addition, the 
parts tend to have high levels of residual stress, which can affect the part’s accuracy 
and properties. Finally (and this is not meant to be an exhaustive list), although 3D 
Printing can produce parts with much greater complexity than conventional 
manufacturing technologies, it does have limitations. Many of these revolve around 
the need to support overhangs and attach parts to a substrate. A significant amount 
of research and development is being undertaken around the world aimed 
specifically at addressing these problems, and I have no doubt they will be solved. 
 

 
Figure 2. What people expect from a 3D Printer (left) verses what they get (right).  
Images 
from https://benchapman4.files.wordpress.com/2014/05/teamabs_guidereport.pdf 

In the right applications, 3D Printing will continue to grow in importance. Every week 
a new story appears about how 3D Printing has been used to make something 
faster, cheaper, better that was possible before. For now, it is largely limited to 
applications with low production numbers and to where a high degree of flexibility is 
desirable. 
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