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ABSTRACT

The teaching of medical pathology has undergone significant change in the last 30-40 years, espe-
cially in the context of employing bottled specimens or ‘pots’ in classroom settings. The reduction
in post-mortem based teaching in medical training programs has resulted in less focus being
placed on the ability of students to describe the gross anatomical pathology of specimens.
Financial considerations involved in employing staff to maintain bottled specimens, space con-
straints and concerns with health and safety of staff and student laboratories have meant that
many institutions have decommissioned their pathology collections. This report details how full-
colour surface scanning coupled with CT scanning and 3D printing allows the digital archiving of
gross pathological specimens and the production of reproductions or replicas of preserved human
anatomical pathology specimens that obviates many of the above issues. With modern UV curable
resin printing technology, it is possible to achieve photographic quality accurate replicas compar-
able to the original specimens in many aspects except haptic quality. Accurate 3D reproductions
of human pathology specimens offer many advantages over traditional bottled specimens includ-
ing the capacity to generate multiple copies and their use in any educational setting giving access
to a broader range of potential learners and users.

Introduction

Practice points

e Teaching gross pathology has been in decline
for decades.

e Pathology specimens (pots) are expensive to
maintain and take up valuable space.

e We have developed a method to produce exact
replicas using high resolution digital scanning
and UV curable resin 3D printing.

e 3D printing allows the production of multiple
copies of replicas for teaching.

e 3D printed replicas of common and rare path-
ology specimens can be deployed in any type of
learning environment.

Anatomical pathology taught in concert with histopath-
ology, haematology, chemical pathology, microbiology,
immunology and related specialties is considered to pro-
vide a link between basic sciences and clinical medicine,
and its teaching is a pivotal part of the so-called ‘para-
clinical years’ of undergraduate medical curricula (Marshall
et al. 2004; Taylor et al. 2008; Humphreys et al. 2020).
Historically, the teaching of human pathology in medical
and allied health curricula relied in part upon access to
fixed specimens in bottles or ‘pots’, which were collected
over many years from post mortems and displayed in
‘museums’ within university or hospital pathology depart-
ments (Bickley et al. 1981). The ability to recognize patho-
logical processes and identify the underlying disease was
often part of the assessment process in many medical
schools. However, in the move away from a Flexnerian
model of medical education to modern integrated medical
curricula with case-based learning or problem-based learn-
ing, pathology content has largely become integrated in a
diffuse manner into the broader curriculum (Drake et al.
2009; Buja 2019). Indeed, in many cases pathology may not

has become integrated into the clinical environments, such
as tertiary hospitals. Over several decades many medical
schools have repurposed the space occupied by their path-
ology specimen museums (Marreez et al. 2010) and micros-
copy rooms, although some still advocate for the use of
such resources (Eichhorn et al. 2018). Some argue that

be identifiable as an academic discipline and many aca-
demic pathology departments have been either reduced in
size, amalgamated with related disciplines, or have disap-
peared altogether. In some institutions, pathology teaching

pathology museums, in addition to being important resour-
ces for the understanding of disease pathogenesis and
prognosis and the reasoning process in clinical medicine
(Ferrari et al. 2001), provide a reminder of progress made

CONTACT Paul G. McMenamin @ paul.mcmenamin@monash.edu; Justin W. Adams @ justin.adams@monash.edu @ Department of Anatomy and
Developmental Biology, Monash University, Building 13C, Wellington Rd, Clayton, Victoria, 3800, Australia
© 2020 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://crossmark.crossref.org/dialog/?doi=10.1080/0142159X.2020.1837357&domain=pdf&date_stamp=2021-02-11
http://orcid.org/0000-0002-7141-1283
http://orcid.org/0000-0002-1464-2069
http://orcid.org/0000-0002-6214-9850
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1080/0142159X.2020.1837357
http://www.tandfonline.com

190 (&) P.G. MCMENAMIN ET AL.

in medicine by preserving pathological collections of dis-
eases that either have been completely eradicated or are
very rare in modern times (Turk 1994; Barbian et al. 2012).

In light of the trends described above, it could be
debated whether identification and the ability to describe
anatomical pathology in gross specimens is still a relevant
and appropriate component of a modern medical under-
graduate training. Some academic pathologists still hold
the view that this domain is important in undergraduate
education (Eichhorn et al. 2018), whilst others suggest that
this skill is only needed during specialist pathology training
(Bell et al. 2008). The reduction in specimen-based path-
ology teaching in medical school programs has been in
part caused by a reduction in the pathology content within
the curriculum as well as a greater focus on the molecular/
genetic mechanisms of disease. In addition, financial con-
siderations associated with maintaining bottled specimens,
the shortage of storage space, and the demand for space
for new modern teaching facilities may have contributed to
the reduced reliance on pathology specimens.
Furthermore, consent for the retention of organs has been
a major consideration since the publicity surrounding the
baby organ scandal associated with a pathologist working
at the Alder Hey Children’s Hospital in Liverpool UK in the
early 1990s, where organs were kept for teaching purposes
without parental consent (Dewar and Boddington 2004).
This scandal led to the tightening of the Human Tissue Act
and all research associated with human tissues in the UK.
Old bottled specimens often pre-date this case and their
provenance, as well as whether consent for their retention
was properly sought, can be ambiguous. Furthermore, in
some countries cultural and ethical considerations, and the
rural location of some institutions, mean that many medical
schools or colleges involved in educating doctors and other
allied disciplines have difficulties accessing human path-
ology specimens.

Additive manufacturing, more commonly described as
3D printing, is a rapidly expanding technology that is now
a critical part of the iterative design process in engineering,
producing physical models or prototypes quickly, easily
and inexpensively from computer-aided design (CAD) and
other digital data (Pham and Dimov 2001). In the medical
and healthcare arena, 3D printing technology showed
great promise as early as 1997 (McGurk et al. 1997). It has
already had an impact in the domain of pre-surgical plan-
ning (Isolan et al. 2007; Cohen et al. 2009; Tam et al. 2013;
Chae et al. 2015; Abla and Lawton 2015; Stramiello et al.
2020) and orthopaedic surgery as well as in other disci-
plines by allowing the production of bespoke prefabricated
bone models for pre-surgical planning or the creation of
patient-specific prostheses, or as patient educational tools
(see review, Rengier et al. 2010; Aimar et al. 2019; Morgan
et al. 2020).

Whilst it is theoretically possible to use data from
patient-derived CT/MRI data medical imaging to generate
3D prints, the resolution of most clinical radiographic data
is often below that needed to capture vital 3D morphology
and, of course, lacks colour. Despite those limitations we
and others have shown it is possible to generate useful
bespoke 3D prints from such radiographic data (Lioufas
et al. 2016; Bennett et al. 2018; Nagassa et al. 2019). Our
experience in producing a successful collection of 3D

printed normal anatomy replicas (www.3danatomyseries.
com) (McMenamin et al. 2014), which have been proven
effective in anatomy teaching (Lim et al. 2016) and a
human foetal collection (Young et al. 2019), has equipped
us with the technical skills and resources to overcome
some of the challenges of accurately recreating and repli-
cating colour, fine detail and 3 D form, which were consid-
ered essential before embarking on producing 3D printed
replicas of human pathology specimens.

To our knowledge, only one previous group has created
3D printed replicas of human pathology specimens
(Mahmoud and Bennett 2015). These authors, who used
photogrammetry and ink-jet powder-based printers to cre-
ate replicas of two gross specimens as proof of principle,
concluded that 3D printing of human anatomic pathology
specimens was possible and may prove valuable in educa-
tion, medical training, clinical research, and clinicopatholog-
ical correlation at multidisciplinary team meetings
(Mahmoud and Bennett 2015).

At Monash University there was a large collection of
sparingly-used pathology specimens in pots, which were
collected in another era and considered of little value in
the modern age of digital technology-based teaching. This
pathology collection consisted of over 1800 specimens
and, prior to culling and disposing of them, we undertook
a triage process, reviewing the material and choosing
examples of both common pathologies and rare cases that
we considered would be useful for teaching if they could
be replicated at a suitable level of detail that mimicked the
real specimen. This paper describes the process in select-
ing, scanning, describing and 3D printing some of the
Monash University pathology collection. The value of 3D
printing some of the collection is that it allows us to dis-
pose of the original pots, reducing costs of handling and
storage, and furthermore allows students to physically han-
dle pathology replicas in facilities other than licenced anat-
omy laboratories.

Material and methods
Selection of pathological material for 3 D printing

Approximately 1800 bottled or potted specimens used in
this study were held in The Centre for Human Anatomy
Education, Department of Anatomy and Developmental
Biology at Monash University. Around 1100 of these were
originally displayed in the Department of Pathology and
Immunology, Faculty of Medicine, Nursing and Health
Sciences, Monash University, at the Alfred Hospital in
Melbourne Australia. For many of the other specimens
there was no known provenance. Many specimens were
collected at operation or during post-mortem examination
in the 1950s-1960s. Specimens represented the major
body systems including cardiovascular, lymphatic, endo-
crine, respiratory, alimentary, liver and biliary, kidney and
urinary, male and female reproductive, breast, skin, muscu-
loskeletal and central and peripheral nervous systems. The
Department of Pathology and Immunology at Monash
University pots had been displayed with a description
including brief patient history and a conventional photo-
graph. In 1995Dr Ruth Salom converted the images and
descriptions to create an online learning resource (https://
www.monash.edu/museumofpathology). The collection was
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donated to The Department of Anatomy and
Developmental Biology, Monash University in the late
1990s. A limited number (approx. 200) of specimens were
displayed in the Human Anatomical Sciences Learning
Resource Centre for use in medical education until 2010,
whilst the remaining 1600 pots were stored in archives.

Criteria for culling the archived collection and
selecting valuable specimens

To ensure that most body systems were represented two
senior non-medically qualified anatomists (PMcM, JWA)
examined the collection of pathology pots. Poor quality
pots with damaged or degenerated specimens or with dis-
colored fluids reflecting potential deterioration of the tis-
sues were initially culled. The next level of selection was
based on representing each of the major body systems
and, if multiple copies were noted, the best specimens
were retained and the others destroyed. If the pathology
described in the notes (where available) was not evident
on examination the specimen was rejected. Rare patholo-
gies as well as common pathologies were then chosen for
retention. Every attempt was made to not over-represent
any one particular body system in the final number, a tar-
get sample of approximately 100, a number of specimens
which was considered feasible for our laboratory to scan
and 3D print. One further selection criterion included
whether the pathology could be represented just as clearly
in a 2D photograph (and therefore not necessitating 3D
scanning or printing for teaching purposes). If this was the
case, the specimen was generally rejected.

Once the specimens were scanned (see below), we
engaged three medically qualified junior doctors (DH, DC,
WA) who had completed undergraduate pathology and
anatomy education and who were employed as anatomy
demonstrators in the Centre for Human Anatomy
Education, Department of Anatomy and Developmental
Biology at Monash University during the course of 2019.
These junior medical doctors were destined for training in
their chosen careers in surgery, pathology and radiology.
This small group firstly impartially assessed the quality and
accuracy of approximately half of the 3D prints. They com-
pared the final 3D prints to the original potted specimens;
both original specimens in their containers and old photo-
graphs. All descriptions, clinical cases and further informa-
tion pertaining to the specimens were checked by the
senior author (PMcM) and further cross fact-checked by a
qualified senior pathologist (SEC). Comparison of the 3D
prints to the original specimen was made using the criteria
of accuracy of pathological structure, colour representation,
and capture of the fine surface topography. Feedback was
provided to our Technical Officer who managed the 3D
printing laboratory (MRQ), and who was able to readjust
the 3D prints in order to optimize their fidelity close to the
original specimen to enhance their educational value.

In order to enhance their utility in both a formal educa-
tional setting as well as independent study by students, we
developed 3D prints that would be accompanied wherever
possible by an updated synopsis of the clinical history of
the patient, a macroscopic description of the specimen and
an overview of the disease process affecting the specimen.
Many of the existing clinical histories provided used
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outdated medical terms which are no longer applicable.
For each specimen, an updated clinical history and path-
ology description was thus created and outdated terms
were modernized. For the few specimens with no previous
clinical description, an entirely new and plausible clinical
history was generated.

Most of the specimen descriptions did not contain any
further information about the disease processes involved.
To increase the utility of the 3D printed pathology collec-
tion from introductory undergraduate pathology through
more advanced teaching, we developed a brief overview of
the disease process was generated for each 3D print. The
overviews included where possible an introduction of the
disease, epidemiology, risk factors/genetics, symptoms/
signs, diagnosis and treatment. The main sources of infor-
mation used in the creation of these overviews was
Robbins and Cotran’s Pathological Basis of Disease (Kumar
et al. 2014), PubMed and UpToDate.com.

Image data acquisition and manipulation

The precise threshold of resolution required for 3D printed
replicas to be useful for haptic teaching aids is not pres-
ently known, but the majority of 3D printers are capable
of producing <100 pm Z-axis additive layers, and latest
generation 3D scanning equipment (such as fixed or hand-
held surface scanners) are capable of comparable (or
higher) resolution during 3D mesh generation. A modern
64 slice CT scanner typically involves lower resolutions; for
example, a CT scan of a limb segment would produce
voxel sizes with X and Y spatial resolutions 0.15-0.5mm
and Z spatial resolution of 0.4 —1.0mm (O'Connor and
Kemp 2006). Thus, as long as printer resolution is higher
than the scan resolution, 3D printing will not result in any
loss of resolution. We initially considered using CT scanning
to capture surface topography followed by false digital col-
ouring as was undertaken for the normal anatomy series
(McMenamin et al. 2014). Trials of this approach (Figure 1)
and use of existing powder-based 3 D printers showed that
it was difficult to obtain realistic colour rendition. There
was thus a dilemma in the method chosen to colouring of
3D printed models: was it best to make it resemble the
dull greys and light browns of the potted specimen, or
would the more saturated tones of a fresh unfixed speci-
men (i.e. replicating the post-mortem appearance) make it
more realistic? In the end, we considered it more vital that
surface detail and subtle colour fidelity and detail of the
potted specimen was captured as these are more critical to
illustrating pathological processes and more consistent
with what students would normally be exposed to in the
modern era, due to the paucity of opportunities for under-
graduates to attend post-mortems.

To obtain high quality 3D printed models of cadaver
specimens it was vital that the original pathology specimen
was in the best possible condition as per the selection cri-
teria described above. Each pathology specimen was
scanned using an Artec Spider™/Space Spider™ hand-held
3D scanner (Artec Group, Luxembourg) with a manufac-
turer stated 3D point accuracy up to 0.05mm and 3D
mesh resolution up to 0.1 mm. The Artec Spider captures
geometry as well as texture (e.g. colour) information from
the specimen which is then modelled in the associated
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Figure 1. An illustration of how we tried to modify colours using ‘3 D Coat’ software and powder-based printing to capture a more realistic colour palette akin
to a fresh wet specimen. (A) Original specimen photograph; (B) powder-based print; (C) modified colour version with enhanced red colours.

software (Artec Studio 14 Professional,
Luxembourg) (see Adams et al. 2015).

The resulting coloured meshed model was exported as
a VRML (Virtual Reality Modeling Language) file with an
associated JPEG image file which contains the model’s tex-
ture mapping information. Because the Artec Spider scan-
ner uses blue-light LEDs to create a reflection of the
surfaces and to neutralise lighting and shadow effects from
the environment, the automatic algorithm within Artec
Studio that compensates for this spectrum shift in the tex-
ture frames sometimes exaggerated tones for certain col-
ours (particularly yellows and reds) on the pathology
specimens. For some specimens, based on our evaluation
of the original specimen and the digital version, we
imported the final JPEG texture map into Adobe
Photoshop (Version 21.0.3, 2020) where image editing tools
were used to adjust the contrast, saturation and brightness.
This allowed us to better match the original specimen and/
or to enhance contrast slightly and bring out features that
were difficult to discern in the original specimen and insure
their reproduction during subsequent 3 D printing.

Pathology specimens that included internal geometry or
deep spaces, which could not be captured by the Artec
Spider, were also CT scanned to create a full internal model
of the specimen. Specimens were CT scanned using a 32
slice Siemens GoUpTM CT scanner at Monash Biomedical
Imaging (Monash University, Australia). The reconstructed
CT data was imported into the CT editing program Mimics
21 (Materialise, Belgium) where the CT images were seg-
mented to form a three-dimensional model and exported
as a STL (Stereolithography) file. This file was imported into
the CAD modelling program Geomagic Wrap (20,153D
Systems, USA) alongside the mesh produced from the
Artec Spider scan of the same specimen. The CT-derived
STL was translated relative to the global axis into the same
position as the Artec Spider-derived 3D mesh, then joined
to unite the CT (internal surfaces) with the surface scan
(external surfaces) mesh. The geometrically-modified mesh
was then imported back to Artec Studio and then textured
using the default ‘Export’ texture algorithm settings. The
textured mesh was exported as a VRML with an associated
JPEG texture map; this texture map file was then edited in
Adobe Photoshop CS/2020 (Adobe, Inc., USA) as described
above to manually adjust the contrast, reduce saturation,
and colour balance to match the original specimen and/or

Artec Group,

Table 1. List of systems represented and numbers of cases chosen
for printing.

Respiratory pathology 16
Urinary tract pathology 8
Cardiovascular pathology 14
Digestive system pathology 16
Endocrine and haematopoietic pathology 4
Brain pathology 20
Musculoskeletal pathology 9
Female reproductive 4
Male reproductive 3

marginally increase some of these parameters to make the
print appear slightly fresher.

3D Printing

There are many types of 3D printers available which use a
variety of media, substrates, and printing techniques. In
our previous studies (McMenamin et al. 2014; Young et al.
2019) we utilized a 3D Systems (formerly Z Corporation)
7650 (3D Systems, Inc., Rock Hill, SC) powder printer or a
Projet 4500 plastic powder printer. However, we found
these printers to be insufficient to capture the colour detail
and surface fidelity required for quality reproduction of
pathology specimens (see Results). To resolve this, we pur-
chased a Mimaki 3DUJ-553 (Mimaki Engineering Co., Ltd.,
Nagano, Japan) full colour, UV curable resin printer. This
printer has a resolution and layer thickness of 42 um and
600dpi down to 22um and 1270dpi depending on the
printing mode chosen. Specimens were printed in Standard
Mode which used a print layer height of 32 um and colour
resolution of 800 dpi which we found sufficiently depicted
the colour accuracy and geometry of the ori-
ginal specimen.

Results
Selection of pathology specimens

The final selection of specimens was determined by the
quality of the original potted specimen with preference
made for specimens with pre-written clinical and patho-
logical descriptions. This was especially important if there
were duplicate specimens. Specimens were also chosen
based on their relevance to current medicine, but in add-
ition some rarer and interesting diseases were included for
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Figure 3. Adult polycystic kidney disease. (A) Original specimen photograph; (B) powder-based print; (C) UV-curable resin print.

historical interest (e.g. Tetralogy of Fallot). Once the speci-
mens were selected, they were classified according to
organ system (Table 1). A total of 94 were found to be suit-
able for printing.

Trials of using CT scanning, false coloring to make it
resemble the original specimen, and printing using the
existing powder-based 3D printers as used in our normal
anatomy 3D printed series gave unsatisfactory results
(Figure 1). The UV curable resin printer allowed printing of
much finer resolution and higher quality colour rendition
compared to powder-based printers. Examples of a com-
parison of the real specimen image (https://www.monash.
edu/museumofpathology) (Figures 2(A), 3(A), and 4(A)) with
powder-based printer 3D print (Figures 2(B), 3(B), and 4B)
and one produced by a UV cured printer (Figures 2(C), 3(C),
and 4(C)) are shown. It can be clearly seen that the pow-
der-based 3D prints are dull and lacking in fine detalil
whereas the resin 3D prints are much closer in colour,
detail and realism to the original specimen.

One of the criteria for specimen selection was whether
a conventional photograph provided sufficient information
for educational purposes. An example of a high-quality 3D
resin print of a transverse section of the brain illustrating

grey and white matter, ventricles and basal ganglia is
shown in Figure 5. Whilst the reproduction was of photo-
graphic quality, we concluded that the value of the 3D
print was similar to the 2D photograph, and therefore this
specimen was not included in the pathology series.
Examples of rare and interesting pathologies with import-
ant 3D information are shown in Figures 6 and 7.

Discussion

Using a combination of high-quality imaging acquisition
technology, image processing, and coloured 3D printing,
we have demonstrated that accurate 3D printed colour
copies of human pathological specimens suitable for teach-
ing can be rapidly and economically reproduced.

Many medical schools have resorted to teaching ana-
tomical pathology using (2D) images online, as is the case
at our institution (Monash University, Melbourne, Australia:
https://www.monash.edu/museumofpathology). The decline
in emphasis of medical anatomical pathology teaching has
occurred in parallel with wide availability of diagnostic
medical imaging, the resultant reduced need for hospital
post-mortems (Turnbull et al. 2015), and the coincidental
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Figure 4. Metastatic carcinoma of the lung. (A) Original specimen photograph; (B) powder-based print; (C) UV-curable resin print.

Figure 5. An example of the ‘phototest’. A pathology specimen (brain) in
which features are clearly seen but which can be replicated just as readily by
a 2D photograph of the original specimen.

decline in the use of microscopes for histopathology teach-
ing. The latter has been made possible by the advent of
high-quality slide scanning and easily accessible digital
microscopy collections (Kumar et al. 2004; Lee et al. 2020).
Whilst 3D printed models have enabled the teaching of
anatomy (McMenamin et al. 2014; O'Reilly et al. 2016;
Casciato et al. 2018; Mogali et al. 2018), to date there have
been limited publications examining the potential role of
3D printing in pathology education (Mahmoud and
Bennett 2015; Loke et al. 2017; Turchini et al. 2018). The
advantages of the 3D printed replicas of pathology ‘pots’
or bottled specimens illustrated in the present report
include the reduced time required for maintenance and

the avoidance of health and safety issues associated with
handling pathology specimens in alcohol or formalin fluid-
filled glass bottles by staff and students (Raja and Sultana
2012). In addition, 3D prints are easy to handle and utilize
in a variety of on- and off-campus classrooms that are not
traditionally licensed for housing donated human tissues,
including hospitals, clinics, patient consultation rooms, and
even for home study. Furthermore, multi-property UV cur-
able resin printers can print complex structures in a variety
of materials with a wide palette of colours. Hence, the 3D
pathology models described in the present study are dur-
able and accurately display surface topography as well as
the colour detail of the original specimens.

A key component in the teaching of clinical pathology
for medical students and pathology trainees encompasses
the observation or performance of autopsies. The oppor-
tunity to take part in these, however, are severely limited
owing to the steady decline around the world of hospital-
based autopsies. Australian post-mortem rates declined
from 21% of in-hospital deaths in 1992 to 12% in 2004
(Royal College of Pathologists of Australasia Autopsy
Working Party 2004). A recent UK study reported the rate
of autopsy decreased from 30% of in-hospital deaths
30years ago to 0.69% in 2013 (Turnbull 2019).

If institutions with existing pathology collections
decided to remove specimens from pots for plastination
(von Hagens 1979) this would only result in one version of
each available specimen. In contrast, with 3D printing it is
possible to reproduce an indefinite number of copies,
which is ideal for the large class sizes found in many
centres and for teaching with social distancing in the new
COVID-19 era. Furthermore, although preparation of plasti-
nated specimens from cadavers sourced from local bequest
or post-mortem programs is a possible alternative to 3D
printing, plastination involves considerable infrastructure
costs as well as health and safety issues because of the
large volumes of flammable solvents involved. In addition,
plastinated specimens in many jurisdictions are still classi-
fied as human tissue and thus require approved licenced
and regulated facilities. In contrast, 3D prints can be
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Cholecystitis and Cholelithiasis

Colon polyps

Gallstone lleus

Figure 6. Examples of three pathologies of the gastrointestinal system printed using a UV curable resin printer.

Figure 7. Tetralogy of Fallot. (A) Original specimen with coloured wires to show outflow pathways; (B) 3 D print of the same specimen.

deployed in any teaching environment, for example in per-
ipheral or rural medical school locations.

In our previous study (McMenamin et al. 2014) we noted
the many advantages of 3D printed reproductions of nor-
mal prosected anatomical specimens over plastic models
and plastinated cadaver specimens. The plastic models of
normal anatomy that are in common use in high schools,
doctors’ surgeries and medical schools are mass produced
copies or models of a ‘hypothetical’ or ‘caricatured’ anatom-
ical specimens that typically lack important anatomical
details. Whilst these may be suitable for some teaching pur-
poses, they are not ideal for teaching detailed topographical
anatomy typically required in medical and other allied
health professional courses. No such equivalent of plastic
models exists for the wide range of human pathologies.

The question could be asked whether gross pathology is
still being assessed in medical schools, and is there indeed
still a need for students to see gross specimens? In a
review of pathology education in the USA in 2013 and
2014, 82 of 98 medical schools (~84%) offered courses in
laboratory medicine or pathology, but assessment of

student competency in this domain only occurred in eight
schools (i.e. 8%) (Smith et al. 2016). Although the immedi-
ate relevance of the learning of gross pathology may not
be apparent to medical students, it would appear that
many appreciate some training in this area downstream in
their careers, particularly those who choose surgical path-
ology training (Bell et al. 2008).

There are of course some limitations to 3D printed cop-
ies of human pathology specimens. Firstly, the output is
only as good as the input: therefore, it is imperative that
high quality specimens be used that illustrate as many fea-
tures as possible without being overly complex. The speci-
mens have to be amenable to scanning and reproduction
by 3D printing. One current limitation is the lack of pliabil-
ity or haptic qualities compared to real specimens; how-
ever, it may be possible to resolve this problem in the
future with multi-material printers. Despite these limitations
we advocate 3D printed pathological replicas as a viable
means to reintroduce the illustration of real gross anatom-
ical pathology back into the classrooms of medical schools
globally. As is the case with our ‘Monash 3D Human
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Anatomy Series’ if access to cadaver material is not an
option or unavailable to students, we maintain that 3D
printed replicas may offer a novel, accurate and effective
substitute. Evaluation studies similar to those that showed
the effectiveness of 3D anatomy prints in the classroom
(Lim et al. 2016) are planned to gather direct evidence of
the educational value of 3 D pathology prints.

In summary, whilst 3D printing has been available to
engineers for several decades, it is only now that its bio-
medical applications are being realized as having a true
potential in the pedagogic repertoire. This technology is
likely to play a significant role in future pathology teaching,
veterinary anatomy teaching, zoological specimen repro-
duction, and reproduction of rare museum specimens, to
name a few potential applications.

Disclosure statement

The authors have nothing to report. Whilst the 3D prints described
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