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Closing Comment
We would like to thank the respondents 
to our paper for their contributions to the 
unfolding debate over Brexit and its rela-
tionship to archaeology and heritage. These 
essays reflect in diverse ways the complex 
intersection of the scholarly, the political and 
the personal that has perhaps always been 
with us, and increasingly commented upon, 
but which Brexit has brought to a moment of 
crisis from which we can only hope a positive 
outcome is still salvageable. Since writing the 
initial paper for this Forum in July of 2017, 
events have moved forward in several ways, 
although ironically in terms of the actual pro-
cess of exiting the EU remarkably little has 
happened. More and more evidence is cer-
tainly emerging of the social and economic 
problems that this process, should it reach 
conclusion, will cause, whether in UK gen-
erally, in the rest of Europe (particularly in 
Ireland; e.g. House of Lords 2016; The UK in a 

Changing Europe 2017), or in our particular 
sector (Schlanger 2017). More disturbingly, 
perhaps, the tone of debate represented 
in some media outlets has darkened even 
further and universities in particular have 
come under attack as bastions of ‘remain-
erism’. Just prior to writing this piece, the 
Conservative politician Chris Heaton-Harris 
MP was in the news for seeking information 
about the teaching of Brexit-related issues in 
all UK universities (BBC 2017a). Whatever the 
motivation behind this, the front cover of the 
Daily Mail on October 26th (headline, ‘Our 
Remainer Universities’) followed up on this 
story, and made it clear that for some on the 
pro-Leave right-wing, universities are now 
a major target for political attack. This can 
be seen as part of a wider trend, pre-dating 
the referendum and becoming widespread 
across the western world (and certainly in  
the US), of right-wing populists painting 
 universities – and, by extension, academic 
and scientific knowledge – as simultaneously 
liberal/left-biased and elitist (cf. Runciman 
2016). Meanwhile, these same populist 
movements appear to be, literally, on the 
march, from Charlottesville in August (BBC 
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‘diagrams’ to improve accessibility of palaeopathological 
data 
 
Stephanie Evelyn-Wright, Alex Dickinson and Sonia Zakrzewski 
 
 
 
Abstract: This short report details a sub-project of ‘Stories through Skeletons’ an interdisciplinary 
venture undertaken by the Osteoarchaeology and Bioengineering departments at the University of 
Southampton. As part of this project, the team has been exploring the potential of using 3D 
printing technology to improve accessibility of palaeopathological data to a wider audience, 
through the production of tactile aids. To test this idea, models were created of Langer type 
mesomelic dwarfism exhibited in a skeleton from the Romano-British cemetery site of Alington 
Avenue, Dorset, UK. The 3D models were used as props during osteoarchaeology conference 
presentations and have proved useful to visually impaired and non-disabled audiences alike. 
Methods used to create the 3D models and the feedback received from the preliminary showing 
of the models at conferences are outlined, including the development of the idea of the 3D models 
as ‘diagrams’. This highlights the creation of accessibility tools as another potential use of 3D 
technology in the field of osteoarchaeology and in so doing, adds the issue of accessibility to the 
ethical debates surrounding the use of 3D modelling technology in physical anthropology more 
broadly. 
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Introduction 
A recent project aimed to improve the accessibility of osteoarchaeological research 
through the use of 3D modelling technology and the associated production of 
tangible cognitive aids, in particular for people with visual impairments. This paper 
highlights the creation of these accessibility tools as another potential use of 3D 
modelling technology in the fields of biological anthropology and, more specifically, 
bioarchaeology and osteoarchaeology. The ethics surrounding the use of 3D 
modelling technology in studies of human skeletal remains has been the subject of 
recent debate (see Errickson et al. 2017; Hassett 2018; Hirst et al. 2018; Ulguim 2018 
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and other contributions in this volume), often focusing on issues surrounding the 
creation, curation and dissemination of 3D modelled and printed human bones, 
asking questions such as: who owns 3D models of human bones? Should 3D models 
of bones be open access or do researchers have a responsibility to monitor how they 
are used? By adding to this discussion, this paper aims to add issues of accessibility 
of osteoarchaeological research to the ethical debate within this wider publication. 
 
The use of 3D model replicas of artefacts as tangible aids for people with visual 
impairments within the heritage sector is not new or especially unique (e.g. Jafri and 
Ali 2015; Neumüller et al. 2014; Oouchi et al. 2010; Themistocleous et al. 2016). 
These examples, however, are intended to be used in museum or art gallery settings 
and most have replicated man-made artefacts and art works. The replication of 
organic shapes, textures and internal biological structures present different 
challenges particularly due to their highly variable shape, texture and size, presenting 
complicated surfaces to scan and replicate (Allard et al. 2005; Errickson et al. 2017). 
The idea for this project came after the first author spoke at an interdisciplinary 
conference about research which involves the study of impairment and disability 
through analysis of ancient skeletal remains. Amongst the conference attendees, 
there were people with visual impairments who requested that any visual aids used 
were verbally described, including photographs of skeletal remains. The challenge of 
describing the palaeopathological differences of these skeletal remains to a non-
specialist audience in a time efficient manner was extreme, especially when the bones 
being described form just one part of the story. In order to address this challenge at 
future conferences, an interdisciplinary team was formed, comprising of members 
from the Archaeology and Bioengineering departments at the University of 
Southampton. The aim was to determine if 3D printed replicas of an example 
palaeopathological specimen could be created to evaluate their potential as tangible 
comprehension aids for people with visual impairments. This experiment was 
undertaken as part of the ‘Stories from Bones’ project, which develops outreach and 
research projects that utilise 3D scanning and biomechanical modelling techniques 
to address osteoarchaeological questions (Stories from Bones nd). 
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Case study and methods 

The bones that were 3D scanned were from a young adult female from the Roman 
cemetery site of Alington Avenue, just outside Dorchester in Dorset, UK. Individual 
AA766 was a young adult female who lived c. 3rd-4th century AD. She exhibited a 
rare form of dwarfism called Langer type Mesomelia (Davies et al. 2002). This is a 
disproportionate form of dwarfism which affects the radii, ulnae, tibiae and fibulae 
more pronouncedly than the humeri and femora, as can be seen in figure 1 (Baxova 
et al. 1994; Langer 1967; Spranger et al. 2012). This form of dwarfism is also linked 
with other morphological differences such as Madelung’s deformity and a 
hypoplastic mandible (Langer 1967; Spranger et al. 2012). This case study presents a 

relatively unusual opportunity for bioarchaeological explanation and exploration, as 
the developmental timeline of the clinical condition is relatively well understood 
(Langer 1967), and this can be mapped onto the expected life course of the 
individual. Such an approach has been developed into an osteobiography and has 
become a key part of the wider research project, exploring the potential 

Figure 1: Anterior views of right side femora (A) and tibiae (B) 
from AA766 and another adult female (Great 
Chesterford 1)(©Evelyn-Wright 2017) 

A B 
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consequences of such a condition on the experience of the individual within a 
Romano-British context (Evelyn-Wright 2019). 
 
The left long bones were selected to be scanned (i.e. humerus, radius, ulna, femur, 
tibia and fibula). The bones’ external surfaces initially digitised using a structured 
white light scanner (Go!SCAN, Creaform Inc, Canada), and scans were processed 
in MeshLab 2016.12 (CNR, Italy). The models were printed in one colour (white) 
acrylic plastic using an UP BOX printer. The models produced are full sized; this 
was key as it was thought that users might well want to compare them to their own 
bodies. 
The models have been shown at numerous events, both focused at academic and 
non-academic audiences, as an aid for the communication of the wider research 
questions, approaches and results. At two events, the author was fortunate enough 
to speak to audiences that included people with visual impairments who not only 
engaged with the 3D models but were also kind enough to offer feedback. The first 
was the “Taking Stock: the 3rd Disability History Conference” at the London 
Metropolitan Archives in November 2017, and the second was at the Vari/Abilities 
IV conference held at the University of London in June 2018. The feedback obtained 
from these two events that forms the focus of the rest of this paper. 
 
 
Resulting Feedback 
The keynote speaker at ‘Taking Stock: the 3rd Disability History Conference’ was the 
former British Home Secretary, Lord David Blunkett, who has been blind since 
birth. He examined the models and commented on their helpfulness to his 
understanding of the stories of disability being described. Lord Blunkett (pers 
comms) was kind enough to offer the following comment: "[he] felt that a tactile 
approach of this sort enhanced the understanding and emotional engagement with 
the artefacts and felt that this kind of approach could be adopted more widely". 
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One half of the organisation team of Vari/Abilities IV was Professor Chris 
Mounsey. Professor Mounsey’s experience of visual impairment differs greatly from 
Lord Blunkett’s, having acquired his partial sight impairment later in life, and 
therefore their experience and usage of tactile tools, such as braille, differ. Lord 
Blunkett is a frequent reader and writer of braille. In an article he wrote on his own 
use of Braille since the age of 4, he describes the need to develop sensitive fingertips 
(Blunkett 2009). Professor Mounsey on the other hand describes Braille as ‘just dots 

on a page’, which he cannot discern. Given these insights, it was questioned whether 
tactile models of this nature would be as useful for someone with acquired visual 
impairment. Professor Mounsey explained that he uses touch to access the world 
and that the 3D models helped him understand the human remains under 
consideration and allowed him to access the data in a similar way he accesses most 
other things. He, however, also stated that he needed more time to ‘get to grips’ with 
the models and required guidance as to what to feel for. This request for direction 
has been previously reported for the use of 3D models by the visually impaired 
(Neumüller et al. 2014). He also wanted a model of a life size normative bone to feel 

Figure 2: 3D diagram of left side humerus of AA766 being handled 
(©Evelyn-Wright 2019) 
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alongside the atypical in order to facilitate comparison. Professor Mounsey (pers 
comms) commented  
 

“…I definitely think these things are helpful because of, as I said, the ways 
of accessing the world, the plenum, the empirical plenum of someone who 
can’t see properly is different from someone who can see properly and so 
give them absolutely every possibility of understanding what it is your 
doing.” 

 
It is worth noting that although the target audience for the models were people with 
visual impairments, other audience members also were keen to see and feel the 
models too. Dr Stan Booth, the second half of the organisation committee of 
Vari/Abilities IV, commented that the 3D models were far more effective at 
revealing the diminutive scale of AA766’s arm bones than the photographs on the 
presentation slide, even with normative bones or scales depicted alongside for scale. 
It appears, therefore, that 3D models can help improve accessibility and 
communication of osteoarchaeological material to people both with and without 
visual impairments. 
 
Discussion 
The 3D printed replicas have distinct advantages over the real bones in the context 
of conference handling, not least in their comparatively easy transportability and 
their replaceability. Furthermore, it is likely that, for most people, handling plastic 
replicas provides less of a potential moral dilemma than touching the real remains. 
3D printed replicas are also invaluable in cases, such as with AA766, when the 
remains are only temporarily loaned. The increasing availability of the technology 
means such usage at conferences and in museums displays and/or other events is 
more possible and indeed has been actively encouraged by the people encountered 
so far. 
The differences in surface texture could provide a challenge in further application in 
osteoarchaeology. A drawback of the scanning process is the limited spatial 
resolution of 0.5mm, which is inadequate to capture sub-millimetre scale bony 
features and textures, and which could thus affect the efficacy of 3D models to 
represent other palaeopathological case studies. For example, periosteal new bone 
growth, such as resulting from infection, could be difficult to replicate and detect as 
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such lesions typically involve slight changes in texture that are difficult to spot when 
initially studying human remains, and thus would be even more difficult for the 
inexperienced observer to discern. Sub-millimetre spatial resolution volume imaging 
has been conducted subsequently using microfocus computed tomography scanning 
(µCT) which will enable finer surface details to be replicated in the 3D model, and 
with enhanced printing technology these details may be represented in a future set 
of replicas. 
 
In the case study presented, the technology was found to represent the 
morphological changes well. Professor Mounsey (pers comms) suggested that 
models be described as ‘3D diagrams’, reinforcing the idea that the 3D models are 
physical representations of figures. Instead of trying to replicate the bones accurately 
in every way, the bones are representations designed to better communicate key 
morphological information. This designation of 3D replicas as diagrams is helpful 
as it changes the emphasis of the models to the audience; instead of being just 
accurate replicas, they are designed to illustrate a point, like any image in a 
presentation. 
 
Ultimately, this report is based on the qualitative feedback of just a few users. More 
demonstration, testing and experimentation needs to be undertaken to test the 
efficacy of 3D modelling technology at a) representing different examples of 
palaeopathology and b) communicating palaeopathological information to a wider 
range of people with visual impairments. It is hoped that this report has highlighted 
the potential additional use of 3D printing in physical anthropology and will inspire 
further research and development. It is also hoped that the use of 3D models as 
tangible aids for people with visual impairments is added to the ethical 
considerations, surrounding particularly the availability and dissemination of 3D 
scans of osteoarchaeological material. 3D printing technology has the potential to 
help improve the accessibility of the physical anthropological and 
osteoarchaeological disciplines. Professor Mounsey (pers comms) argues that, the 
hyper sensitive finger tips developed by particularly people who use braille, who can 
pick up the slightest differences in surface textures, would be a valuable asset to 
osteological analysis. Their insight is currently underutilised in the study of human 
remains, most likely due to the inaccessibility of the discipline, perhaps the use of 
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3D models during conference talks or outreach events, can help the discipline engage 
with these individuals. 
 
Conclusion 

3D printed diagrams can provide a helpful tool with which to communicate 
palaeopathological information, particularly morphological information, to people 
with visual impairments. The concept of 3D models as diagrams, is especially 
valuable as it takes the onerous off the requirement the need to replicate material as 
accurately as possible and instead places emphasis on the objects as stylised tools to 
communicate specific information. Accessibility is a key ethical issue which the fields 
of biological anthropology and osteoarchaeology, and academia more broadly, 
struggle to deal with. The use of 3D printed replicas of human remains therefore 
presents a step in the right direction towards improving accessibility and 
communication of the discipline. 
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