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Abstract: 

This article discusses the importance of fully integrating research activities into the Bachelor level  programs (undergraduate programs)  in orthopaedic engineering / prosthetics and orthotics.  To work according to evidence based principles and acquire the competences to do so it is necessary for students to engage in research activities from within the educational programme as soon as possible. Involvement in research not only creates more insight in what research means and what the effects are, but also generates a number of cross links with the stakeholders involved in P&O education (see fig 1) which were not apparent before for the student. Also, the interaction with orthopaedic companies is stimulated in a broader context than is traditionally the case. A structure enhancing the interaction of educational institution, companies, research groups and institutions is presented which operates at the intersection of these stakeholders. A whole new world is therefore coming into range which will generate all kinds of new and unexplored opportunities.
1. INTRODUCTION
To date a growing need for research is becoming visible for the P&O professional.  As a professional being part of a multi disciplinary team the prosthetist and orthotist primarily has to rely on skills and knowledge obtained by years of experience and tradition.  The adjacent professions such as medical doctors, physiotherapists, occupational therapists etc. by now have more a tradition in research and evidence based practice compared to the prosthetist and orthotist. 
More proof of effectiveness of orthopaedic devices and scientifically based selection procedures and protocols are needed. This is partly due to a changing role of health care services with changing reimbursement systems. More effort will be needed in obtaining and collecting evidence which can be used to account for the expenses associated with particular devices or therapy. Besides that, research and evidence based techniques are needed for the P&O engineer to take full part in multidisciplinary teams. To catch up with the P&O related disciplines whom all have a long experience in working with evidence based medicine / practice it is necessary  that the P&O profession will adapt this way of working (Ramstrand et al, 2008). This will set a large demand on the research competences of the novice professionals. Educational programmes thus have an important role in familiarising students with research as well as with evidence based techniques.

The provision of research based education at all levels is a particular strength of Europe and Europe’s universities. Institutions offering research based higher education should ensure that a research component is included and developed in all cycles. (Lisbon declaration, 2007). This allows students to acquire research experience. This also applies in relation to the acquisition of a broad range of transferable skills that should be included not only at a doctoral (PhD) level but in curricula at all levels. A new generation of professionals emerges that are able to integrate multiple perspectives in their work, and that are responsive to the needs of a rapidly changing labour and health market which the orthopaedic profession is part of.

In 2006 the European University Association published a report titled: “Universities as Catalysts of Regional Development”. This report discussed the underestimated influence of regional developments of Institutes of higher education (Bachelor and Master).  Improving collaboration between Universities and expert / knowledge centres and the Industry will result in a better tuning of the needs and questions generated by Industry and Institutions. Alumni will provide the knowledge transfer between Universities and Industry, better known as knowledge on legs.
To bring about this knowledge development and transfer, clusters are formed to promote research and innovation. In these clusters a collaboration has been established between local authorities, Industry (orthopaedic companies in this case), Universities and research institutions. This form of collaboration  will result in an expanding knowledge base and shortening innovation cycles by a horizontal (government, industry and universities) and vertical collaboration (vocational professional education, Bachelor and Master level education and research) (Nether, 2007).
It is in this perspective that a lot of effort has been and will be put into the research programs of educational institutions. Research and Innovation is therefore a spearhead in the Bachelor program Orthopaedic Engineering of the Fontys University of Allied Health Professions.
2. METHODS 

In the Netherlands the educational system at University level consists out of two grades, Bachelor and Master level. Historically the Master programs are already more equipped to do research in combination with doctorate (PhD) research programs. To date also Bachelor programs are fully involved into research programs.  In order to provide a sound research facility within the Bachelor program research groups indicated as “Lectorates” have been formed to realise the above mentioned concepts and ideas.
The Fontys University of Allied Health Professions, of which the orthopaedic engineering program is part of, has now a Lectorate in Health Care & Technology for Quality of Life.

A major assignment for Lectorates in general is to promote the horizontal and vertical forms of collaboration between the different institutions with education and knowledge transfer as a starting point.

Of importance is the integration of research in education. On the one hand research has to radiate on the content of educational programs. On the other hand the integration of students in each and every phase of research must take place.
The main issue must then be answered; how to realise integration of students in research with respect to the required competences for students? 

Integration of students into research can be realised by making them part of the research program themselves as a participant. If within the curriculum study time is reserved for research activities starting in the first year with attention for the basic principles for research ending at the final year doing a final project work (partly) linked to a research program, then students can obtain the necessary research competences. Next to this they will have been part of a large research network group. Because they also will have experienced the collaboration between the different institutions and companies they will be themselves part of a knowledge transfer in a most natural way. They become the personification of the term “knowledge transfer on legs”.
3. RESULTS

The formation of a research group, the Lectorate, within the educational context and curricula made it possible to come up to the necessities and expectations mentioned above.
During the past years a number of research projects proceeding from out of the University have been realised as leading partner or as a participant in larger research programs. Research projects involving the active participation of students and performed by teachers, associate lectors, and lectors in collaboration with other research institutions, knowledge centres, industry and orthopaedic companies / institutions have been established.


Figure 1: A visualisation of the shareholders in research and the position 

of “the Lectorate / Chair” of the University.
Figure 1 visualises the place of the Lectorate in a central position, forming a subset of the joining elements needed in research. Operation at the intersection of education (theory as well as practice), companies and research institutions, creates the necessary environment to develop the skills and competences needed by students.
The validation of this research concept can be shown by a number of successful examples of these projects. 

1. The research project “High Tech in Orthopaedics”. The main goal of this research project is the acquisition and dissemination of knowledge in the area of the design, fabrication and manufacturing techniques of carbon fibre AFO’s (Holtkamp, 2008). This project has been financed by a grant of the Ministry of Economic affairs. A major issue in this project was the collaboration between the participating orthopaedic companies, branch organisations, major research institutions (such as TNO), students and research staff of the Health Care and Technology Lectorate. Outcomes of this study generate evidence to be used in the manufacturing process of carbon fibre AFO’s and have direct implications on educational courses, with results that are close to the area of interest of students
2. Orthopaedic Health Care Innovation is a second example of a successful research project. This project is collaboration between the University Hospital of Maastricht, the K.H. Kempen University College (Belgium), Fontys University and a number of orthopaedic companies. The project focuses on the actual practice in providing orthopaedic insoles, including materials used etc. A selected number of cases was treated by experts. Variation in prescription and manufacture is inventoried, and the insoles are assessed by gait analysis (insole pressure measurements), subjective evaluation etc
3. Sports prosthetics. This research project concerns testing sports prosthetics in order to improve and tune the set up and alignment of the prostheses. This project also is in tight collaboration between a number of leading orthopeadic companies, research institutions and the NOC*NSF (Dutch Olympic Committee and Dutch Sports Federation).

4. Dynalop: a research program aiming to improve dynamic alignment of below-knee prosthetics using plantar force distribution data (funded by IWT as a Tetra project). In this type of projects the integration of research in education is a necessary condition to obtain funding.  

Other examples of projects bridging the gap between research and education will be given.
4. DISCUSSION

Developing research in the way mentioned above will have effect within an existing curriculum. Adaptations must be made to the curricula to enable students to participate in research. Therefore  space must be made in study load within the curricula, expressed in ECTS. 

Also teaching staff must be trained and must develop skills in research. Therefore a number of staff members is stimulated to obtain a PhD or pursue other study programmes. This in combination with staff already academically trained will give a firm fundament to the need of integrating research into education in an appropriate way.
5. CONCLUSION
In conclusion it can be stated that the introduction of a research facility in the form of a lectorate is an enrichment in improving curricula, skills, and knowledge as summarised in competences of students. Doing research in this way is indeed a way to condense and intensify the collaboration between the involved and interested participants. The outcome of these research studies generates evidence which then can be used to improve processes, therapies or the design of orthopaedic devices. Therefore it can be fully confirmed that Research in Prosthetics and Orthotics Bachelor level Education is needed as well as inevitable in the current evolution of educational processes.
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