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Outline Project Description This project seeks to bridge the gap between modern clinical 
medicine, the use of historic medical collections and archaeological assemblages, with a 
synthetic approach to the Mass digitisation of pathological type-specimens, primarily using 
textured 3D laser scans. We have specifically focused on those chronic diseases which affect 
the human skeleton for which many of the physical changes are often not readily observable, 
even within clinical practice. Clinical interpretation of these Digitised diseases is axiomatic 
within the project team/ ethos and will form an important part of the reporting and presentation of 
these palaeopathological lesions. Together with our London project partners, housing world-
renowned collections that are rarely seen by students let alone the public, we have the common 
goal of educating students and the wider public about the progress of different chronic diseases 
and how these are manifest both today and in past populations. 
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1.0 Project overview and introduction: Pathology is by definition the scientific study of disease 
processes and is a vital resource in clinical understanding of the symptoms, signs and progress of 
disease and in diagnosis. The proposed project will produce a searchable 3D record of chronic 
diseases that affect the skeleton using archaeological and historical exemplars of 
‘palaeopathology’ to illustrate the pathological features of specific diseases. Through 
palaeopathology it is possible to observe pathological features in an era before effective therapy. It 
gives a snap-shot view of the progress of a disease at death. Such a facility to observe untreated 
disease rarely occurs in modern clinical contexts.  
 
1.1 Beyond text books there are few training tools that can illustrate the progression of clinical 
conditions affecting the musculo-skeletal system to medical students, or osteologists - especially 
with rare conditions. Their study may be limited to examination of obscure case reports or holdings 
within collections, the latter usually only with limited access for bona fide researchers. This project 
seeks the mass digitisation of type pathological skeletal specimens from world renowned 
archaeological and historically significant collections in Bradford and London. The proposed project 
team also brings together partners with expertise across the following remits - Higher Education, 
practitioner training (human osteology/ palaeopathology; U/G and P/G medicine) and commercial 
archaeology/ public engagement.  
 
1.2 The University of Bradford is known for its teaching and research in palaeopathology. The 
Biological Anthropology Research Centre (BARC) specialises in the analysis of human skeletal 
remains, both ancient and modern, running a dedicated MSc in Human Osteology & 
Palaeopathology (HOP). The BARC houses the largest collection of human skeletal remains 
(>4000 individuals) in an archaeology department in the UK. This includes material dating from the 
Neolithic to the 19th century. BARC houses very significant holdings of specimens exhibiting 
pathological change and, through the work of clinician Dr Keith Manchester, has amassed 
collections from pioneers in the field of palaeopathology, such as Dr Calvin Wells and Dr Johs 
Anderson.  
 
1.3 Project Partner: Museum of London Archaeology (MOLA) is a commercial research 
operation that forms an integral part of the Museum of London and together with the Centre for 
Human Bioarchaeology (CHB), also based at the Museum, uses the Wellcome Osteological 
Research Database (WORD). The MOLA osteology team are extremely well placed to identify 
good exemplars of pathological conditions because of the throughput of recently excavated human 
skeletal remains that they handle, together with those curated by the CHB. Their work on the 
remains of more than 17,000 individuals (some of which will be reburied in accordance with the 
terms of the exhumation licenses), continues to shed light on over two thousand years of London’s 
history. The scanning of these remains will increase the information which is publicly available after 
this reburial. Both MOLA and the CHB work with schools, community groups and families to 
encourage a direct engagement with the past.  
 
1.4 Project Partner: The Royal College of Surgeons (RCS) houses both the Hunterian Museum 
and archives (HM), and the Wellcome Museum of Anatomy and Pathology (WMAP). The HM 
houses the RCS historical collections, which include John Hunter’s surviving surgical specimens 
which date to the 18th Century. Specific specimens will be selected from the Hunterian collections 
using its online catalogue SurgiCat which holds about 50,000 museum object records. The WMAP 
holds the RCS modern medical specimen collections dating from 1900 to present day. The 
WMAP’s pathology collection consists of 4,000 wet and dry human pathological specimens, 
including numerous exemplars of skeletal disease.  
 
1.5 The project is strengthened at Bradford by the established partnership between BARC 
(Archaeological Sciences) and the Centre for Visual Computing which houses unique 
computational expertise to undertake world-leading R&D in digital imaging, visualisation and 
computer-based simulation. This combined expertise coupled with state-of-the-art equipment, 
offers key advantages to the project in measurement, evaluation, modelling, visualisation and 
intelligent analysis of 2D and 3D data. The Centre also has relevant experience in areas of medical 
imaging and biometrics, including bespoke software development and digital content creation. 
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1.6 We will use the successful pilot Rapid digitisation project - ‘From Cemetery to Clinic’, which 
concentrated on specimens from the site of the Medieval leprosarium of St Mary Magdalene in 
Chichester showing clear evidence of Hansen’s disease (leprosy) - as a template, together with an 
established and experienced team to undertake a more ambitious programme of Mass 
digitisation of pathological type-specimens using textured 3D laser scans of skeletal elements, 
with associated clinical descriptions. These will be supported by digitised x-radiographs, and 
scanned archive records where appropriate (e.g. historic drawings, accounts and photographs). In 
some instances these changes (e.g. gout) can be very localised and only certain bones or joint 
surfaces may be affected. With other conditions the change may be more widely observed 
throughout the skeleton (e.g. metastatic cancer).  
 
1.7 The project will also trial several new innovations including the integration of 3D surface data 
with CT-scans of bone microstructure to produce animated cut-aways and fly-throughs where 
relevant to the underlying bone change. Together these digitised records integrated with clinical 
descriptions will make it easier and more effective to view, manipulate and safeguard these 
valuable type-specimens. Integration of this data with current clinical knowledge of the specific 
diseases will permit detailed understanding of the progression of the disease.  
 
1.8 Recognising changes to the surface characteristics of bones is a crucial part of osteological 
training and yet handling of delicate pathological lesions (e.g. periosteal new bone formation) must 
be limited on actual bone specimens, as this causes damage. The pressures on osteological 
collections are well understood amongst our project partners and at Bradford, where human 
osteology and palaeopathology have been taught for more than 25 years. A further innovation will 
therefore be to explore the use of both haptic (sensory) technology and 3D printing of select bones 
alongside the 3D scan data to encourage virtual handling by students and researchers.  
 
1.9 The traditional viewpoint is that there is no substitute for handling osteological material in 
training and research. Paradoxically, the skeletal elements that are most commonly studied are 
usually the most altered, often the most fragile, and ultimately the most prized. This project will 
therefore play a crucial role in conserving a resource that is otherwise under threat from handling 
attrition and will provide a sustainable resource which may serve as the primary record if the 
eventual reburial of archaeological material is required, an issue which is likely to increase with 
some material due to practical limitations on long-term storage of large skeletal assemblages.  
 
1.10 We envisage that the use of a dynamic 3D visual presentation tool to explore these valuable 
collections will make type-specimens far more widely available to a diverse user community and 
will have broad impact amongst clinicians, medical trainees, medical historians, archaeologists, 
osteologists and palaeopathologists as well as enriching the wider public understanding of science.  
 
2.0 Appropriateness & fit to programme objectives: By creating a novel and stimulating 
educational tool we can facilitate resource discovery - broadening the remit of specialised 
pathological collections to also support measures nationally to widen participation in medicine and 
subjects allied to medicine, medical history and health education. The proposal is aligned to 
institutional priorities at Bradford, MOLA and RCS for teaching, learning and research and will 
significantly reduce the risk of handling attrition. With the BARC collections the scanning of fragile 
pathological specimens and making the data available on-line provides an opportunity for students 
and the wider public to examine cases remotely. Researchers can also use this tool to refine their 
research aims prior to any application to examine the skeletal collections themselves. MOLA also 
have a high number of such requests and although MOLA aim to provide as much archaeological 
information as possible to the public, the proposed project will compliment and enhance the current 
publication and outreach programmes and can in turn offer opportunities to help in bringing these 
collections to a wider audience. At RCS the project aligns with recent funding from the John 
Ellerman Foundation with a focus on safeguarding the collections through training of staff and 
volunteers to conserve the physical pathological preparations. RCS is committed to enabling 
surgeons to achieve and maintain the highest standards of surgical practice and patient care. They 
are keen that their collections are not seen as simply housing historical conditions and specimens, 
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but as a modern teaching centre which supports young medics and surgical trainees in learning 
about anatomy and pathology.  
 
2.1 Overall Value to the JISC Community: The principal aim of the project is the consolidation 
and widespread dissemination of clinical information pertaining to pathological type-specimens 
digitised using 3D laser scanning and available via a single web resource based on the collective 
holdings in BARC, MOLA and RCS. The creation of this unique interactive resource will be of 
broad relevance for teaching, learning and research across undergraduate and postgraduate 
programmes. The scanned data will be rendered to offer clear surface information (both 
morphology and texturing) and will be augmented with clinical descriptions and relevant x-rays. A 
key aim is to ensure that the collections (currently used by defined student groups) are more widely 
accessible to the public and other diverse student groups at a National and International level. The 
resource will support clinical practice, anatomical training and radiological interpretation, whilst 
helping those with aspirations to careers in medicine/ healthcare.  
 
2.2 Strategic/ lasting engagement with digital content (in Institution): The interactive web 
interface will be of relevance to a wide range of users for the purposes of teaching, learning and 
research at Bradford and at each of the partner Institutions. It will incorporate both 3D surface 
scans of pathological specimens (i.e. evidencing the extent of bone remodelling) and selected 
historic drawings, photographs, radiographs and CT-scan data alongside innovative integration of 
digital data with haptic technology and 3D printing. The online platform will serve as a stand-alone 
educational resource with clear recognition of JISC’s contribution as well as that of all project 
partners and will be flagged within the current catalogues held by those partners. This will serve to 
promote further awareness of the holdings within each of these institutions, many of which are not 
at present available for conventional public display. The project outputs will be embedded in 
teaching and research well beyond the period of project funding.  
 
2.3 Impact on audiences outside HE/ research: There is considerable public interest in human 
remains. Clear linkage of the web interface within the gallery space at RCS and the Museum of 
London will ensure wider audience participation/ impact and understanding of this mass digital 
record. In commercial archaeology excavated human remains may be required to be reburied, 
placing them beyond the reach of students and researchers. The current approach offers a  
sustainable alternative to conventional handling and study. The project also 1) enables further 
development of standards in the 3D recording of human osteological remains to ensure 
preservation by record; 2) promotes the wider dissemination of this type of resource; 3)  addresses 
the importance of texturing particularly for the detailed recording of pathological lesions, and 4) 
develops protocols for data decimation, compression, and archiving of digital data.  
 
3.0 Project plan  
Objectives: 1) to prioritise type specimens from the collections of the BARC, MOLA and RCS – 
being selective according to skeletal elements that are affected by pathological lesions; 2) to 
record these pathological skeletal elements using 3D laser scanning and digital colour 
photographs; 3) to convert the raw point clouds to fully-textured 3D models by generating clean 
polygon meshes and applying photographic texture and colour to the 3D mesh; 4) to digitise extant 
radiographs, photographs, and historic drawings/ descriptions; 5) to select specimens that require 
modern clinical radiographs or CT-scans; 6) to create an interactive web-resource that 
incorporates the osteological scans and associated digitised content of relevant contextual 
information, including historic data. The digitised bones will be viewable using an interactive 3D 
graphics engine; 7) to trial the interactive resource with the help of the Centre for Educational 
Development (CED) at Bradford, and with post-graduate students studying human osteology and 
palaeopathology (at Bradford and in London); 8) to ensure wide-ranging impact and engagement 
with this interactive resource both across different taught disciplines and with the wider public, 
making full use of project partners MOLA and RCS to garner support and an awareness amongst 
the widest possible user community; 9) to work with the IT infrastructure team at Bradford, our 
project partners, the Archaeology Data Service (ADS) in York (http://ads.ahds.ac.uk/), and Jorum 
(http://www.jorum.ac.uk/) to ensure long-term sustainability of the entire digital archive in an 
appropriate searchable format. 
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3.1 Sample selection and scanning: Specimens will be selected to show comprehensive data on 
a range of conditions including congenital, traumatic, infective, neoplastic, immunological, 
degenerative, metabolic, circulatory and dental disease. For each disease condition represented it 
is rare to have involvement of all elements (some conditions affect a number of different portions of 
the skeleton, others are restricted to single elements), reducing the total number of bones requiring 
3D laser scanning drastically.  Specimens will be carefully examined, with detailed clinical 
descriptions made at the same time to ensure that optimum selections are made for 3D scanning 
and that there is consistency between records. A lay summary will also be provided for these 
detailed clinical descriptions.  
 
3.2 The digitisation of type specimens of osseous pathological lesions within specific disease 
entities will be prioritised according to the following criteria: 1) Notable rare or unique specimens 
within the key holdings at BARC, MOLA and RCS; 2) Specimens backed by detailed academic 
study (i.e. those previously written up as palaeopathological case studies in text books or journal 
papers); 3) Specimens that exhibit phases within the dynamic pathological progression of specific 
diseases (in this way it will be possible to exhibit the changing pattern of lesions in advancing 
disease which in each individual selection was frozen by death); 4) skeletons considered to be 
particularly at risk from handling attrition (e.g. specimens already used as type specimens for 
teaching and/ or those commonly studied by visiting researchers).  
 
3.3 We have shown the importance of employing experienced osteologists with a good knowledge 
of palaeopathology within the pilot ‘From Cemetery to Clinic’ project. Throughput has been 
maximised by ensuring that we tailor roles to the skillsets that individuals bring to the project, for 
example utilizing researchers who are familiar both with the collections and in recognising 
osteological changes consistent with disease progression, given that at Bradford and MOLA the 
majority of the skeletal elements are stored together in standard skeleton boxes, but in the majority 
of diseases only a few of these skeletal elements will be modified.  
 
3.4 Data acquisition/ redefining and timing: We will use the extant FaroArm 6ft Quantum arm 
and V3 LLP laser scanner in Bradford and will purchase a new FaroArm 6ft Edge with V4 LLP 
laser scanner for use in London. Both will capture point clouds of the bones. This will enable two 
teams of researchers to scan specimens simultaneously, with bases in London and Bradford 
respectively. Scanned data will be sent on a weekly basis back to the team of texturers in Bradford. 
Captured 3D data requires post-processing (removing noise and filling holes) and texture mapping, 
which will be performed by RT1 & RT2 and augmented by four student interns (part-time). The pilot 
project has shown that it takes the following times to scan and align point clouds: for small bones 
20 minutes; long bones 1hr 30 min; and the more complex bones of the skull 2 hours. The raw 
point cloud data then requires a similar length of time for the surfacing and post-processing to take 
place, with the exception of complex bones such as the Maxillae where it is extremely difficult to 
capture all the surface cleanly using the laser, resulting in numerous holes – this results in post-
processing times being at least double, and in some cases four times longer than, that of the laser 
scanning itself. Photographing the bones to create the source images for texturing requires many 
multiple angle photos taking between 5 and 40 minutes per bone depending on size and the level 
of surface pathological detail. The most time intensive stage of the process is UV mapping and 
texturing, where the 3D mesh is divided into discrete regions that can be flattened out on to an 
image and the photographs are then mapped onto these regions to produce a photo quality colour 
texture to the final 3D object. UV mapping and texturing requires between 1 hour for small bones, 
to 6 hours for the highly complex bones of the skull, particularly the facial cranium. On average 
each scanner is likely to scan in the order of 400-500 bones over a six month period. The target for 
texturing will be 1500-1800 scanned bones, based on averages for RT1 & RT2 augmented by the 
work of student interns.  
 
3.5 Data size for scanned elements varies according to the size and complexity of the bone. 
However, the following table serves as a guide to understanding throughput and data handling 
requirements.  
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 Time to 
scan & 
align 

Size of 
raw scan 
data 

Time to 
process/
clean 

Size of 
usable 
polygon 
mesh  

Time to 
photo-
graph 

Time to 
texture 

Size of 
textured 
image 

Long bones (e.g. 
Tibia) 

1 – 11/2 
hrs 

150 Mb 
(c.40 
scans) 

30-60 
mins 

65-85MB 15-20 
min 

3-5hrs 10-30MB 

Medium (e.g. 
Metatarsals) 

30 min 50 Mb  
(c. 20 
scans) 

30-60 
mins 

45-55MB 5 – 10 
min 

1.5-
3.5hrs 

10-20MB 

Small bones (e.g. 
Phalanges) 

20 min 20 Mb 
(c. 15-20 
scans) 

20-40 
mins 

5-30MB 5 - 10 
min 

1-2.5hrs 10-20MB 

Skull 
(e.g.Maxillae) 

2hrs 130 Mb 
(c. 95 
scans) 

4-7hrs 40-50MB 20-40 
min 

5-6hrs 10-30MB 

 
3.6 Resources will be allocated to the digitisation of extant archival material within the collections 
by placement students. Radiographs will be scanned using an Agfa FS50B x-ray film scanner at 
Bradford and selected archival content (photos, drawings and historic accounts) will be scanned 
using standard flatbed scanners available in BARC and with our project partners. Where 
appropriate, new radiographs will be taken either at Bradford using our Faxitron cabinet x-ray 
system, or using the Fuji CR and PACS system within the School of Health. CT-scans will be 
undertaken at Pinderfields Hospital, West Yorkshire. In London, radiographs and CT-scans will be 
generated as required at the Saad Centre. We have also budgeted for some 3D printing (via Leica) 
and purchase of low-budget haptic devices (via SensAble technologies) that facilitate the ability to 
touch and manipulate virtual objects (e.g. haptic stylus) in support of innovations that we seek to 
trial within the project. 
 
4.0 Project outputs: The project outputs include 1) Interactive web interface for use by the public 
and diverse student groups; 2) Interactive viewer for 3D bones which will be embedded into the 
web-interface/ and building on top of the existing databases; 3) Integration of 3D scan data and 
CT-scans to create animated 3D fly-throughs and cut-aways to show representative disease 
conditions; 4) Use of sensory haptics and 3D printing as part of formal display (at Bradford/ via our 
project partners); 5) Digital data will be archived using the ADS and JorumOpen, with due account 
taken of the requirements for data ingestion (format, open source where possible, use of metadata 
etc) and the need for periodic refreshing of the stored data; 6) formal academic outputs to include 
minimum of 2x journal papers - working titles i) ‘Digitised diseases – new innovations for 
representing palaeopathological specimens’ ii) 'The potential of haptic technologies for use with 3D 
osteological records and artefacts in the historic environment’. 
 
5.0 Project management arrangements and workplan  
Project management: will follow the model suggested by JISC’s Project Management Guidelines 
(June 2011). The project will be sited in both Bradford and London. Wilson (PI) has overall 
responsibility for formal academic oversight, project design, project management and delivery of 
core project documents. Wilson will be assisted by a Project management team in BRADFORD - 
comprising Buckberry (Co-I; BARC lead), Ugail (Co-I; technical lead), Gaffney (Co-I; web 
output/ archiving lead), together with Manchester (clinical advisor Bradford) and Hartley 
(eLearning advisor); and in LONDON - Powers (MOLA lead) and Cooke (RCS lead), together 
with Waldron (clinical advisor London).  
 
5.1 Brown (RA2) will be employed as Project Administrator to assist in the day-to-day liaison 
between the management team and all other researchers, technicians, interns and placement 
students, and will assist in the production of core project documents and liaison with the JISC 
Programme Manager. Progress will be logged on a daily basis using spreadsheets openly 
accessible via Dropbox. Storm (RA3) will select and describe specimens from the BARC 
collections together with Buckberry (Co-I), Ogden (RA4) and Manchester (clinical advisor). 
Holland (RA1) will be full-time and responsible for 3D scans, photographs, radiographs and CT-
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scans of these specimens. Texturers (RT1/2, and student interns) will clean 3D scans and create 
textures for surface meshes using photographs under the supervision of Ugail (Co-I). In London a 
full-time post (RA6) will be assigned from the MOLA osteology team. They will select type-
specimens from both MOLA and RCS together with Powers (MOLA lead), Cooke (RCS lead) and 
Waldron (clinical advisor) and spend 8 months scanning specimens at MOLA and a further 6 
months scanning specimens at RCS assisted by assigned RCS staff Phillips (RA7) and Bocaege 
(RA8). Sparrow (RA5) will develop the web interface based on content from BARC, MOLA and 
RCS, trial haptic technologies and 3D printing together with Gaffney (Co-I). Content/ format trials 
will be supervised by Hartley (eLearning advisor) to evaluate and refine the online resource. 
 
5.2 Recruitment: The majority of staff involved will be seconded from current posts and have been 
identified through their involvement in the pilot rapid digitisation project (Bradford), or for capacity in 
their work programmes (MOLA/ RCS). None of the core staff posts will need to be advertised, with 
the exception of RT1 and RT2 who will be recruited to start one month into the project, and the 
project can therefore commence in a timely fashion. The placement students and computing 
interns will be selected from motivated students/ recent graduates with relevant skills/ aspirations; 
these will start at various points during the project. 
 
5.3 Risk analysis: The composition of the project team has been carefully chosen to reflect the 
need for a balance between cutting edge expertise in visual computing (3D laser scanning, 
surfacing, and texturing) and an advanced understanding of human osteology (palaeopathology)/ 
skeletal collections curation. We recognize that the fixed-term nature of the funding, the associated 
terms and conditions of the grant, combined with a start date in November 2011 require 
employment of known staff as RAs. Risk of low uptake of the interactive resource is not envisaged 
as each of the project partners has different user groups and opportunities for wider uptake. 
 

Risk Probability 
(1-5) 

Severity 
(1-5) 

Score 
(PxS) 

Action to Prevent/ Manage Risk 

Organisational 1 4 4 There are overlaps between researcher 
positions, to ensure continuity in the 
work-flow. Tight timescales require staff 
buyout/ use of extant researchers. The 
project is guided by the support of an 
advisory panel with 3 meetings planned. 

Technical 1 3 3 We have a 2-year premium warranty 
which offers free repair and free loan of 
Arm + Laser Line Probe whilst this is 
being serviced. 

External suppliers 1 3 3 Purchase of new 3D laser scanner and 
photographic equipment are standard 
items held in stock by our suppliers. CT  
requirements have been discussed with 
Pinderfields and the Saad Centre. 

Sustainability 1 3 3 Sustainability plan to be developed and 
put in place together with ADS, Jorum 
and IT Infrastructure team at Bradford 
considering digital lifecycle and 
preservation of digital data. 

Intellectual property 1 2 2 The interactive viewer will use existing 
IP, however all high resolution polygon 
meshes and raw scans will be freely 
available for separate download through 
ADS. Agreements will be drawn up 
together with MOLA and RCS 

 
 
6.0 Standards and Accessibility 
Sharing of best practice about digitisation: A corpus of knowledge and expertise in 3D 
scanning of osteological remains and methods for redefining the raw data will emerge from this 
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project. We will ensure that the output will be available for download in a readable format using 
open standards, accessible for viewing interactively with the online viewer, and we will use the 
ADS to archive raw scans with appropriate levels of metadata along with JorumOpen to archive 
links to both the ADS and the interactive web resource. In addition the project will also examine the 
developments in both haptic technology and 3D printing, with the latter's efficacy being tested by 
current MSc HOP students through blind trials using known pathology models derived from the 3D 
scans. We will highlight our approach with a minimum of two journal paper outputs from this project 
and will also host a project launch event in summer 2013. 
 
6.1 Sustainability & preservation: We will benefit from the local knowledge and active 
involvement of our project partners given that we will be working across three Institutional web-
based databases that describe holdings – The BARC database (Bradford), WORD database 
(MOLA/ Museum of London CHB) and SurgiCat (RCS). We will also liaise with both the IT 
infrastructure Team at the University of Bradford and the ADS in York from the outset to ensure 
long-term sustainability of the digital resource, as well as following closely the guidelines for 
“website development and accessibility” and “e-learning content” from TechDis. The University of 
Bradford has user and contributor licenses for Jorum, and JorumOpen (as per JISC requirements) 
and will be used to store linked metadata to the raw bone scans which will be stored within the 
ADS repository for long-term archiving. The project addresses the sustainability of both the 
osteological archive and the digital archive as produced. A sustainable future for pathological 
specimens is at the heart of this project. There are several benefits arising from this major study 
that will have wide-ranging impact on the wider management of osteological collections. 
Specifically, these include the development of standards for digitisation of osteological remains and 
associated materials (x-radiographs, clinical notes, excavation archives). The web interface 
generated by the proposed project will be maintained indefinitely by the University of Bradford with 
wider commitments towards developing enhanced learning tools with practitioners in mind. Given 
that the online viewer displays the 3D bones in PDE format which is a proprietary format, for the 
purposes of sustainability we will ensure that the scanned data files (which are open-access) will 
be archived together with associated meta-data at both ADS and Jorum. We envisage that the 
created digital content will be used for Teaching, Research and will have impact beyond tertiary 
education. 
 
6.2 IPR position: The web-resource uses an interactive 3D viewer supplied free by Tangentix Ltd 
(a University spin-out company represented on the advisory panel) – the 3D digitised bones which 
are displayed in the viewer are first converted to the proprietary PDE format from the polygon 
mesh representation (stored in Wavefront .obj format which is open to read and stored for free 
download on the ADS archive). These PDE versions are not available for download, however all 
conversions are done for free by Tangentix. Every bone represented in PDE format and displayed 
within the viewer is thus free for all to view and use (except for commercial purposes). 
 
6.3 Engagement with project stakeholders/ practitioners throughout the project: The project 
will be sited at Bradford because of the BARC collections which form the primary basis for the 
project and because the Centre for Visual Computing has complementary expertise in the area of 
3D digitization, data compression and texturing. We will liaise regularly with our project partners 
throughout the project. We will hold several workshops with current Osteology Masters students to 
evaluate aspects of the final output and web interface and to seek their feedback on 
improvements. We have brought together a distinguished panel of experts who will form our 
advisory panel. The panel will be kept up-to-date via email, our project blog and will be invited to 
attend 3 formal meetings at Bradford with core project staff/ project partners (see on), visiting/ 
assigned staff. Our advisory panel comprises international experts: Prof Don Ortner (Smithsonian 
Institution) - Palaeopathologist; Anthea Boylston (Honorary Research Fellow UoB) - 
Palaeopathologist; Dr Marina Bloj (Bradford) - Assoc Dean for Research/ Director of Institute for 
Life Sciences Research; Assoc Dir Centre for Visual Computing; Prof Charlotte Roberts 
(Durham) - Palaeopathologist; Prof Niels Lynnerup (University of Copenhagen) - Forensic 
anthropologist, clinician and palaeoradiology expert; Prof Simon Hillson (UCL Institute of 
Archaeology) - Dental anthropologist; Prof Simon Mays (English Heritage Ancient Monuments 
Laboratory) – Human osteologist involved in outreach/ education; Prof Maryann Hardy (Bradford) 
- Clinical radiographer; Prof Peter Hartley (Bradford) - National Teaching Fellow/ Professor of 
Education Development and expert in innovative engagement with wider educational communities; 
Dr Stuart Jeffrey (York ADS);  Paul Sheppard (CTO Tangentix Ltd) 
 



Wilson et al JISC Mass Digitisation Bid 08/11  

9 
 

6.4 Dissemination: A new web interface will be developed by drawing on data that is standard to 
all three collections, i.e. basic information (inventory, age, sex, stature, pathological and metrical 
data) using an interactive graphics engine for viewing the 3D bones to provide a complete toolkit to 
remotely analyse and research the massed digital resource. The web resource will use approaches 
that were piloted using the ‘From Cemetery to Clinic’ project and which draw upon existing data 
representation and compression technology developed and patented by Ugail. This phase will also 
involve Tangentix who utilise this technology within the gaming industry. The approach is based on 
Partial Differential Equations (PDEs), where boundary curves on the 3D shape, corresponding to 
the key features of the shape are extracted automatically and used to reconstruct the 3D geometry 
at arbitrary levels of detail (LOD). This method approximates the 3D geometry of the shape in the 
form of low level mathematical functions and hence produces large compression of the 3D data 
while retaining high detail. There are two key benefits of using this technology: 1) Massive 
compression rates (80MB polygon mesh is reduced to 900KB PDE representation) ensure that the 
3D models will be available within the viewer much quicker so that the user is not waiting for the 
data to download; 2) the variable LOD allows the user to reduce the LOD if their computer is not 
powerful enough to interact with and display at the highest detail level, ensuring a comfortable user 
experience. The interactive web resource will be trialled by current Masters students in conjunction 
with the Centre for Educational Development and further developed/ refined based on their 
feedback.  
 
7.0 Impact and Evaluation 
Impact: This multi-disciplinary project is seen as having wide-ranging impact because of 1) the 
new interactive content generated as a sustainable digital archive for those interested in the study 
of pathological features of specific diseases; 2) the need to develop new sustainable approaches 
to recording osteological material (via 3D digitisation methods); 3) the ability to use 3D digitisation 
as a tool to engender greater collaboration in research and public engagement between 
geographically distant institutions. We envisage linking in with the 2012 Year of Pathology and 
other similar opportunities to broadcast the project outputs widely. 
 
7.1 Identified need in HE: The project both complements and builds upon the academic 
contributions that have already arisen from researchers involved in this bid – including The 
Archaeology of Disease (2010) by Roberts & Manchester; Palaeopathology (2008) by Waldron. 
Skeletal evidence of disease from London‟s past, MOLA monograph (2012) by Walker & Chopping 
and Turk & Fletcher’s Atlas of Surgical Pathology based on the RCS collections. It also 
supplements the work of members of the advisory panel incl. Roberts, Ortner, Hillson, Lynnerup, 
Boylston, Hardy & Mays. 
 
7.2 Human Osteology is studied by diverse student groups – in anthropology/ archaeology, 
those with an interest in understanding the past through the physical remains of past peoples 
including their health and nutrition status; in forensic science, those with an interest in assessing 
traits used in individualization and trauma; in anatomy and medical science, those with a need to 
understand the architecture of the body and the underlying framework for the skeletal muscles, and 
the reaction of the body to disease and trauma. As such there will be significant numbers of 
students interested in the outputs from this proposal. 
 
7.3 Tangible outputs (potential for embedding in process of education/ research): We 
envisage that the project will create outputs that will have wide-ranging impact to clinicians, human 
osteologists and archaeologists alike. Tangible outputs will include: 1) an archival resource that 
preserves fragile dimensional information that is otherwise under threat from attrition during study/ 
use; 2) a learning tool for clinicians and students who may be unfamiliar with the physical 
manifestations of untreated disease in its later stages; 3) an enquiry-based learning tool, providing 
access to study materials that are rare or normally restricted, allowing quick comparisons between 
the physical manifestations of differing palaeopathologies.  
 
7.4 Impact on a particular educational community: Past and present MSc HOP students, 
researchers and participants of our palaeopathology short-courses have all benefited from direct 
access to and handling of specimens held within the BARC collections. The key difficulties here lie 
with this as an unsustainable approach to long-term curation, based on significant conservation 
issues, curation costs and changes to the law governing excavated human remains. Skeletal 
remains encountered through commercial archaeological research at MOLA have the potential to 
provide significant advances in our understanding of human disease if these remains can be 
interrogated within the wider clinical context of disease-related changes where funds allow. RCS 
houses valuable examples of disease to inform clinicians’ understanding, but these examples are 
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by nature limited in number and therefore cannot always cover the range of disease-related 
changes to the human skeleton. 
 
7.5 Mass digitisation of osteological material from all three sources will make a greater number of 
examples of disease pathology more widely accessible to both current and new generations of 
researchers and students. We envisage that this project will act as a catalyst for developing further 
research, understanding and knowledge, whilst also safe-guarding these unique archives as a 
resource for future generations of researchers and students. By bringing together these three 
collections into one digitised resource all three institutions will be able to collaboratively develop 
exhibitions and further community engagement through a consolidated e-Museum, exploring the 
themes of health, disease and its effects on past and present populations.  
 
7.6 Partnership with JISC: We recognise JISC’s expectations as a key stakeholder in the 
process. We will therefore continue the successful partnership with JISC established during the 
pilot Rapid digitisation project - ‘From Cemetery to Clinic’ which concentrated on Hansen’s 
disease (leprosy). During the pilot project we sent a representative of the project team to attend the 
Cluster Meeting (held in Oxford on 30th March 2011) which informed the continued planning and 
management of the pilot project. Whilst the dates for future events (e.g. Biannual Programme 
Meetings) have not yet been published, we anticipate sending representatives to these valuable 
events in order to present preliminary results, discuss ongoing progress and garner formative 
feedback from JISC and representatives from other projects. The regular project advisory panel 
meetings will allow wider discussion of the project's progress and we would welcome our JISC 
Programme Manager to these meetings to engage in the development and progression of the 
project first hand. We will continue to engage with JISC throughout the lifetime of the project, 
especially with dissemination of our results.  
 
8.0 Previous Experience of the Project Team: The team comprises tried and tested expertise 
based on the successful pilot project ‘From Cemetery to Clinic’. In BRADFORD: Dr Andrew 
Wilson (BSc, MSc, PhD, PGCHEP, MIFA) PI: is Lecturer in Forensic & Archaeological Sciences 
with combined expertise in human osteology and archaeological conservation. He has received 
funding from JISC, The Wellcome Trust, AHRC, AHRC/ EPSRC (Science & Heritage Programme) 
and has wide-ranging media communication experience in archaeology. Prof Hassan Ugail (BSc, 
PGCE, PhD) Co-I: is Director for the Centre for Visual Computing. His recent innovations have led 
to the formation of a university spin-out company, Tangentix Ltd, represented on the advisory 
panel. He was recently awarded the Vice-Chancellor’s Excellence in Knowledge Transfer Award. 
Dr Keith Manchester (MB., BS., BSc., DSc (Hon)) Clinical Advisor (Bradford) is Hon. Visiting 
Research Fellow at the University of Bradford (Palaeopathologist and GP, developed Bradford 
collections); Dr Jo Buckberry (BA, MSc, PhD) Co-I: is Lecturer in Biological Anthropology and 
Curator of the BARC collections. She is currently a Co-I on a public-engagement network „You are 
what you ate‟ concerned with ‘health & wellbeing’ funded by the Wellcome Trust. Dr Chris Gaffney 
Co-I (BSc, PhD): is Lecturer in Archaeological Geophysics and is a specialist in the handling of 
digital data. He was awarded an Honorary Doctorate for popularising archaeological geophysics 
via Time Team and other media opportunities in 2007. RA1 (Osteologist/Scanner) – Andrew 
Holland (BSc, MSc, PGCE) Forensic Anthropologist with a special interest in the application of 
new technologies to osteoarchaeology, experience with the BARC collection, digital photography 
and specific experience with 3D laser scanning of human bone; RA2 (Project Administrator) – 
Emma Brown (BSc, MSc): research interests/ teaching experience in osteology and 
palaeopathology, due to complete PhD in Bioarchaeology Oct 2011; RA3 (Palaeopathologist – 
skeletal pathology) – Dr Rebecca Storm (BA, MSc, PhD): Bioarchaeologist with a special 
interest and publication record in Palaeopathology; RA4 (Palaeopathologist – dental pathology) 
– Dr Alan Ogden (BDS, MSc, PhD): Palaeopathologist, Retired Dental Lecturer and Honorary 
Research Fellow; RA5 (Web-interface developer & haptics/ 3D printing trialler) – Tom 
Sparrow (BSc, MSc, AIFA): expertise in technical aspects of archaeological data, responsible for 
web-interface for pilot JISC project; In LONDON: Prof Tony Waldron (PhD, MD, DSC, FRCP) 
Clinical Advisor (London) is Palaeopathologist and clinician at UCL Institute of Archaeology; 
Natasha Powers (MOLA Lead) is Head of Osteology and leads the post-excavation analysis of all 
osteological material with additonal responsibility for promoting osteology and engaging with wider 
public interest. RA6 (assigned MOLA staff) will be drawn from the MOLA osteology team who 
recently received a substantial EH grant to produce a palaeopathological text book; Martyn Cooke 
(RCS Lead) is Head of Conservation/ Collections Care; RA7 (assigned RCS staff) Carina 
Phillips is Curator of the Wellcome Museum of Anatomy and Pathology/ Osteoarchaeologist; RA8 
(assigned RCS staff) Emmy Bocaege is Assistant Conservator/ Osteoarchaeologist. 
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9.0 Budget 
Staff costs: At Bradford we will recruit named researchers to the project to undertake 3D laser 
scanning and CT-scanning (RA1 – full-time for 21 months); project administration and wider 
support roles (RA2 – 80% for 21 months); clinical descriptions of skeletal palaeopathologies (RA3 
– 50% for 21 months); clinical descriptions of dental palaeopathologies (RA4 – 10% for 21 
months); web developer and innovations trials (RA5 – 60% for 21 months). Due to the demands of 
the post-processing and texturing, we require two full-time 3D artists (RT1 & RT2) over 20 months, 
alongside a team of four skilled undergraduate/ masters student interns who are experienced in 3D 
modelling and texturing. Two placement students will be recruited to work alongside the RAs and 
help with scanning of extant radiographs, photographs and documentary records. In London funds 
are allocated for oversight at MOLA (Powers) and RCS (Cooke). We will use assigned staff – at 
MOLA (RA6 – full-time for 21 months) and named staff at RCS (RA7 & 8 – each 20% for 8 
months). Equipment and consumables: 1) Digitisation (hardware/ software) - at Bradford will 
be using extant equipment. However there is a need to purchase a new FaroArm 6ft Edge with V4 
LLP laser scanner for digitisation in London. Outsourcing and hiring options were explored, but it 
was clear that the most cost-effective option for the time-scales involved was to purchase new. 
With the scanner we will require a powerful graphics laptop with a license of the PolyWorks 
Modeller software. We will require two further laptops and one further PolyWorks license (we 
currently have two Polyworks licenses in-house to make a total of four) for RT1 & RT2 to process 
and texture the large point-cloud data. 2) Photographic equipment - within the pilot project at 
Bradford we made use of personal photographic equipment (Nikon D300S digital SLR, 105 mm 
macro lens and integral ring-flash), given the longer time-frame we seek to purchase two sets of 
dedicated photographic equipment (new or reconditioned). Alternatives in London also proved 
unsatisfactory, given that access to photographic equipment or staff would need to be pre-booked 
and could not be guaranteed. 3) CT-scans – will be arranged locally, so as to limit transport of 
fragile pathological type-specimens. NB it is possible to CT scan a number of specimens together. 
We have budgeted for 8 days at Pinderfields in Yorkshire and 10 days at the Saad Centre in 
London. A larger number of days is required in London because any new radiographs that are 
needed will also be scheduled at the Saad Centre, whilst this is done in-house at Bradford. Travel 
& subsistence: We seek to minimise the need for travel and subsistence costs amongst the 
project team by having local teams in Bradford and London. Costs cover the opportunity for 
members of the Advisory Panel to attend periodic meetings at the University of Bradford. Funds 
are also allocated for engagement at JISC programme level over the course of the award 
Dissemination: In discussion with ADS we have allocated £50,000 for the storage of all raw scans 
in an optimised form which will permit free and open access to the resource. Evaluation: Funds 
are requested for the evaluation of output using Haptic devices and 3D printing alongside the 3D 
scanned data. The interactive web resource will be evaluated by current Masters students during 
their studies; Centre for Educational Development (CED) at Bradford will undertake an 
independent evaluation leading to publication.  Non-staff costs (London): Additional costs have 
been factored for staff overheads at MOLA/ RCS; IT support at MOLA for synergy with the WORD 
and a handling charge to cover conservation costs at RCS for mounted specimens. 
 
Budget Summary 

Directly Incurred Staff  Nov 2011– 
Mar 2012 

Apr 2012-
Mar 2013 

Apr –Jul 
2013 

TOTAL £ 
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Total Directly Incurred Staff (A) £96,906 £224,137 £74,567 £395,610 

     

Non-Staff Nov 2011– 
Mar 2012 

Apr 2012-
Mar 2013 

Apr –Jul 
2013 

TOTAL £ 
 

Travel and expenses £1,302 £3,147 £1,052 £5,501 

Hardware/software £72,704 £0 £0 £72,704 

Dissemination £50,000 £0 £0 £50,000 

Evaluation £0 £9,700 £0 £9,700 

MOLA Overheads £8,055 £19,470 £6,508 £34,033 

MOLA IT Support £592 £1,430 £478 £2,500 

RCS Overheads £1,436 £3,470 £1,160 £6,066 

RCS ‘Handling Charge’ £2,130 £5,149 £1,721 £9,000 

CT Scanning & Radiography £0 £25,960 £0 £25,960 

Total Directly Incurred Non-Staff 
(B) 

£136,219 £68,326 £10,919 £215,464 
 

     

Directly Incurred Total (C) 
(A+B=C) 

£233,125 £292,463 £85,486 £611,074 

     

Directly Allocated Nov 2011– 
Mar 2012 

Apr 2012-
Mar 2013 

Apr –Jul 
2013 

TOTAL £ 
 

Staff £6,964 £17,475 £5,915 £30,354 

Estates £17,891 £41,910 £14,004 £73,805 

Other £0 £0 £0 £0 

Directly Allocated Total (D) £24,855 £59,385 £19,919 £104,159 

     

Indirect Costs (E) £53,870 £126,190 £42,165 £222,225 

     

Total Project Cost (C+D+E) £311,850 £478,038 £147,570 £937,458 

Amount Requested from JISC £249,480 £382,430.40 £118,056 £749,966.40 

Institutional Contributions £62,370 £95,607.60 £29,514 £187,491.60 

     

Percentage Contributions over the 
life of the project 

JISC 
80 %  

Partners 
0 % 

 Total 
100% 

     

No. FTEs used to calculate indirect 
and estates charges, and staff 
included 

No FTEs 5.83 Which Staff 
RA1-5, RT1-2, 
and all directly 
allocated staff 

 




