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ABSTRACT

Despite increased emphasis on the translation of research-based knowledge into practice, studies in the U.S.A.
and Australia have found that up to 50 per cent of health care delivered does not accord with evidence-based
guidelines. Health research, teaching and practice have traditionally emphasised defined inputs to produce spe-
cific, linear outputs and changes in teaching and practice may suffer delays in implementation when required
to overcome barriers around spheres of interest. We are exploring a new approach based on the principles of
complex systems and networks. In this paper, we used a successful knowledge translation project and a case
study of a natural disaster, to model the effective application of these principles to a new health knowledge
translation model, the Knowledge Translation Complexity Network. Following the Indian Ocean Tsunami of
2004, there were major challenges in identifying many of the dead. Research identified that Dental Age could
be used to estimate the chronological age of unidentified victims up to 20 years of age. However, at the time
the existing data were insufficient for this purpose and one author (HL) undertook to lead a knowledge creation
and synthesis project. The research was evaluated by peer review, published in a leading journal and was sub-
sequently implemented into practice as an identification tool in both paper and electronic forms. Subsequently
the data charts and instructions have been translated into 18 languages and are used internationally in university
teaching courses as well as in disaster identifications, with feedback evaluation from users providing further
refinement. In conclusion, the development of the dentitions showed the characteristics of a complex adaptive
system; of emergence, self-organisation, dynamic interactions, robustness and co-evolution. Further, the Dental
Atlas incorporated elements of the key sub-networks of the new Knowledge Translation Complexity Network
of problem identification (PI), knowledge creation (KC), knowledge synthesis (KS), implementation (I) and
evaluation (E). Investigating real-world examples in this way can both highlight key aspects for future planning
and identify gaps for development.
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1 INTRODUCTION
Despite increased emphasis on the translation of research-based knowledge into practice, a land-
mark study in the USA found that up to 50 per cent of health care delivered does not accord with
evidence-based guidelines [1]. Among the reasons for this maybe that much health research, teach-
ing and practice has been guided by a traditional, linear process paradigm that defined inputs produce
specifically predictable linear outputs [2]. The assumptions underlying this paradigm may be flawed
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and so limit changes in health [2]. Rather organisations and communities are complex social systems
and systems thinking is needed to understand and increase effectiveness [3].

We are exploring a new approach based on complex systems and network thinking. Our argument
is that translation of new, research-derived health knowledge occurs within a complex adaptive
system of many components, which can interact in a non-linear manner. The outcomes of those
interactions are not fully predictable and can be greater than the sum of the inputs. The aim of this
paper is to investigate a knowledge translation project in relation to a case study of a response to a
natural disaster and map the effective application of these principles on a new health knowledge
translation model, the Knowledge Translation Complexity Network.

2 THE KNOWLEDGE TRANSLATION COMPLEXITY NETWORK
This model has been developed by members of the Translational Science Task Force Team of the
Faculty of Health Sciences, University of Adelaide to identify the movement of knowledge between
those who generate it and those who use it [4].

We propose that Knowledge Translation is a complex network composed of five, sub-networks or
‘core clusters’ (problem identification, knowledge creation, knowledge synthesis, implementation
and evaluation) that have multiple interactions. The pattern of these interactions varies at different
tiems across the organisational systems of community, health, government, education and research.
The components of this network are modelled in Fig. 1 and explained in the legend.

To optimise Knowledge Translation, participants in any of the five core clusters need to interact
between the clusters. They also need to interact across the five organisational systems at the centre
of the model which control funding for research, teaching and implementation. To progress the inter-
active nature of Knowledge Translation in the real world, it must be recognised and accounted for in
health care systems.

Pl Problem Identification
KC Knowledge Creation
KS Knowledge Synthesis
I Implementation

E Evaluation

Community
o Health
M
) Government

. Research

Figure 1: The KT Complexity Network Central to this knowledge translation model are five
complex adaptive systems; Research, Education, Health, Government, Community. The
outer five clusters of the network; problem identification (PI), knowledge creation, (KC),
knowledge synthesis (KS), implementation (I), evaluation (E), function dynamically in
space and time in the overall network. Each system and cluster may be weighted
differently (as indicated by the size of the circles) and interact more or less frequently
(as indicated by the presence/length of the arrows) depending on the needs of a given
knowledge translation goal.
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3 PROJECT OUTLINE OF THE LONDON ATLAS OF DENTAL DEVELOPMENT
AND ERUPTION
Following the Indian Ocean tsunami of 2004, there were major problems in identifying the dead.
While dental age assessed from the stage of development of the teeth would be a valuable tool to
estimate the chronological age of unidentified victims up to 20 years of age, at the disaster sites there
was uncertainty about how this should be undertaken and what standards to use.

A leading forensic odontologist, the late Prof Jules Kieser, was a member of one of the disaster
volunteer identification teams in Thailand. He contacted Dr Helen Liversidge (an author of this
paper), for advice on which data and methods were the most appropriate and accurate for estimation
of human age, (this represents Problem Identification (PI)). Dr Liversidge, who at that time had
recently undertaken a review of three different methods for dental age, recognised the limitations of
the existing databases, charts and methodologies [5]. Dr Liversidge felt unable to recommend any
one method in an evidence-based way, but undertook to lead a knowledge creation study (KC) to
improve the accuracy of dentition-based age identification and knowledge synthesis project (KS),
aimed at developing tools and methodology that would enable implementation (I). The initial aim of
KS was to develop a new Atlas that was freely available online so that Disaster Volunteer Investiga-
tion teams could access it when needed.

The initial step in knowledge creation (KC) was evaluating (E) the existing research through
review to identifying the knowledge gaps and the limitations of the existing databases, atlases and
methods of measurement. Dr Liversidge had previously undertaken extensive research both of his-
torical skeletal material and of clinical radiographs of patients [5—7] enabling her to accelerate the
rate of KS. She now also contacted national and international colleagues (across health, education
and research fields) to evaluate her processes. Having evaluated (E) the existing methods and identi-
fied the gaps in the available data, the problem identification (PI), knowledge creation (KC) and
knowledge synthesis (KS) questions were further refined.

At this stage, the aim was described as creating a new dental Atlas with illustrations of dentition
in 1-year age categories. Discussions and evaluation with colleagues in Paediatric Dentistry, Foren-
sic Anthropology and Palacodemography established that a uniform age distribution was necessary
with equal numbers of males and females in each age group. Following evaluation and input from a
North American dental anthropologist, the median tooth stage and eruption level were selected as
representing development in each age category. A postgraduate student began gathering data (KC)
from dental radiographs and constructing digital illustrations (KS) of age-dependent dentition. Fur-
ther evaluation (E) was sourced from a several anthropologists with considerable experience in
aging skeletal and dental material and from an academic forensic odontologist. From this, the meth-
odology was further modified.

The initial project was completed and presented for evaluation (E) to the British Association of
Forensic Odontology (an organisation which spans research, education, government and health).
Following evaluation (E) feedback led to additional refinements and expansion of the project. Incor-
porating collections of teeth from the Royal College of Surgeons of England (Health) and the
Natural History Museum in London (Government and Community) allowed the categorical age
range to be expanded to cover almost all the entire developing dentition from 28 weeks in utero to
23 years of age. Testing an early version of the Atlas on archaeological skeletal remains demon-
strated that 1-year categories were not suitable for early development. The resultant illustrations
(KS) now represented prenatal tooth formation by one month categories, the first post-natal year by
3-month categories and the remaining ages by 1-year categories (Fig. 2).

An important move at this stage was to establish world copyright to the Atlas, called The London
Atlas, so that this as a knowledge synthesis tool (KS) could be made freely available without cost
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Figure 2: An example diagram from the atlas. Each tooth and eruption level represents the median
tooth stage from children aged 7 and 15, respectively.

once completed. This insightful step of obtaining world copy right precluded barriers to timely
implementation (I) This was followed by an initial publication in the foremost anthropological
journal, The American Journal of Physical Anthropology [8].

Next, the accuracy of The London Atlas was evaluated (E) by comparison with two existing atlases
enabling the final synthesis of the new knowledge product (KS) in context. Estimated age was com-
pared to known real age for skeletal remains or radiographs for 1,514 individuals. Excellent
reproducibility was observed for all three atlases, but The London Atlas correctly estimate more cases
and showed no bias while the other atlases consistently underestimated chronological age. To inde-
pendently evaluate (E) the implementation (I) of the application of The London Atlas, 90 third-year
dental students were randomised into three groups. Each group used one of the three atlases to esti-
mate the radiographic age and complete a questionnaire focussed on the design, clarity, simplicity and
self-explanation of the atlas. The London Atlas was preferred in all quality measures tested [9]. These
findings on accuracy were also published in The American Journal of Physical Anthropology [10]. To
enhance implementation (I) of the new atlas, internet and mobile app versions of the Atlas were devel-
oped. The software was sent to forensic odontologists in three countries to pilot its use (E).

Throughout the duration of the project, Dr Liversidge continued to investigate ethnic differences
in tooth formation in the UK, South Africa, West and East Africa, Malaysia, Japan, Australia
(Aboriginal), New Zealand (Maori), Pacific Islands and North America (Inuit and Native Americans).
The timing of tooth development was similar in several groups [11]. Further work has shown that
malnutrition has no significant effect [12]. Both findings underpin the validity of the use of dental
age in international settings and underscore the unanticipated research and educational value that
continuous evaluation (E) has provided.

The London Atlas was used more widely to estimate the ages of victims in the air crash in Libya
in May 2010 and the earthquake in New Zealand in February 2011. Professor Jules Kieser com-
mented “...my team used the (London) Atlas when we did the identification of the victims of the
tragic Christchurch Earthquake. The Atlas enabled even inexperienced volunteers to understand
dental aging and possibly most importantly, it was hugely useful when presentation were made to the
Coroner’s Board”. The American Society for Forensic Odontology now list The London Atlas in
their guidelines as one of the methods. In addition, The London Atlas is used in teaching forensic
anthropology, forensic dentistry, dental development and archaeology. It is also used in estimating
disputed age of asylum seekers and age assessment of individual archaeological skeletons.
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Figure 3: The London Atlas Project, identification of human age based on dentition. Problem
Identification (PI) began with a goal to identify the age at death based on the dentition.
Evaluation (E) of existing knowledge identified a deficiency in accuracy leading to the
development of a Knowledge Creation (KC) research and interaction across the central
systems of community, health, government, education and research coupled with
evaluation led to an improved project goal and more defined and accurate categorical age
determination. The research was developed as a tool. Knowledge Synthesis (KS). The
London Atlas for chronological human dentition and further developed into an online
app and a paper based illustration toolkit. Implementation of KS tools enable identification
of human age. Evaluation throughout the process accelerated the rate of development.

A well-executed dissemination strategy has been key to enabling widespread use. Free access on
the internet has resulted on an average 130 hits a day on the website [13]. The Atlas has been trans-
lated into 18 languages and is freely available online [14]. The app is also freely available and has
been downloaded many thousands of times. A training video is also available [15].

4 DISCUSSION
Plotting the events of the successful project against the Knowledge Translation Complexity Network
model allows both identification of the steps that enabled the highly positive outcome and also the
gaps and problems that have impacted on the project. In this way, future developments for this work
and for the application of the model can be highlighted.

A key factor has been the constant evaluation throughout the project that enabled its continued
refinement even redefining the scope of the problem identification. The interaction with the com-
munity, represented by the end users, and the funding bodies, represented by government and
universities, throughout the project. Each key sub-network of the model PI, KC, KS, I, E has been
involved (Fig. 3). Problem identification occurred from the aftermath of the 2004 tsunami and was
clarified by interactions with end users and professional colleagues, The Knowledge Creation built
on existing knowledge that was also extended by interactive evaluation and feedback during the
stages of the experimental work and development of The London Atlas and development of its dis-
tribution format. It was also farsighted to consider the implementation and obtain copyright at this
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stage to enable later open, free access to the final Atlas. It is important to highlight that repeated
evaluation was embedded in the process e.g., during knowledge creation when the initial results
were present to the British Association of Forensic Odontology, and the feedback was incorporated
in the research. The Knowledge Synthesis, in which the research outcomes were reviewed in the
light of existing data and evidence incorporated that ethnic differences and malnutrition had only
limited effect on dental age, extending the application of The London Atlas as did the early establish-
ment of world copyright.

Implementation involved the development of Internet and mobile app versions and continues
with translation into different languages. Important cross links occurred with the central compo-
nents of the model (Fig. 1 and 3) initially and during the project with the Saudi Arabian government
funding one of the researchers (Dr AlQahtani) and Queen Mary University of London supporting
implementation. The gaps were particularly limitations in funding for further applications such as
an Apple version and the initial lack of involvement by the Scientific Committee of Forensic Odon-
tology of Interpol (SCFOI). Recent discussions with SCFOI have moved this forward, and they now
recommend it as one of the methods. These gaps relate to the important place of the ‘government’
complex within the overall network (Fig. 1 and 3) and illustrate the considerable effort required in
these areas.

5 CONCLUSIONS

This project provided further validation for the use of dental development as a paradigm for general
development. The careful and collaborative approach taken in initiating and carrying through of the
project resulted in considerable impact, not only in providing a valuable tool in disaster investiga-
tion fulfilling the original need by also allowing emergence of multiple, multidisciplinary
interactions. Mapping this completed project against the Knowledge Translation Complexity
Network model suggests some initial validity for the model and its value in panning future work to
enhance the translation of research into improved health outcomes. Using the model highlights the
importance of targeted work on groups such as governments to promote the movement of new
knowledge across systems.
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