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Introduction

Biomedical Engineering (BME) involves the application of engineering principles and technologies to medicine and biology so as to define and solve problems in these fields.

At Delft University of Technology, a two-year MSc programme in Biomedical Engineering has started in September 2004. Although it is a young programme, it is based on a long history of education and research in BME within three collaborating faculties: Faculty of Applied Sciences, Faculty of Electrical Engineering, Mathematics and Computer Science, and Faculty of Mechanical Engineering, Marine Technology and Materials Science
. By bundling the BME knowledge in these faculties a broad BME programme could be realised. Additionally, there is a close and intensive collaboration with clinical partners at Leiden University Medical Center (LUMC), Erasmus Medical Center Rotterdam (Erasmus MC), and Academic Medical Center Amsterdam (AMC). The clinical partners participate in the teaching in the first MSc year (LUMC and Erasmus MC), and in the tutoring of the MSc projects in the second year (LUMC, Erasmus MC, and AMC).

Biomedical engineers have a solid technical background and additional knowledge of the medical field. In the biomedical industry, they apply their knowledge for the development and improvement of instruments for minimal invasive surgery, joint replacement prostheses, pacemakers, catheters etc. Within the health service, especially in academic medical centers, biomedical engineers participate in research and education. Two examples are biomechanical research focussed at the improvement of joint replacement prostheses at a department of Orthopaedics, and image processing research for the automated detection of narrowing of blood vessels at a department of Cardiology.
In total, six specialisations are offered within the MSc BME programme. Three of these specialisations require a background in Mechanical Engineering; two require a background in (Applied) Physics, and one in Electrical Engineering. This means that Bachelors of Science with a Mechanical Engineering, Applied Physics or Electrical Engineering degree from a University of Technology can enter the BME programme without any restrictions. TU-Bachelors with another degree can also enter the programme, however, after having done some additional courses.  Bachelors with a degree of a Dutch polytechnic school (In Dutch: Technische Hogeschool) may also enter the programme with a number of additional courses: The Pre-Master programme. Additional (Bachelor) courses up to 15 EC may be incorporated in the MSc programme. In case more additional courses are required these come on top of the master programme. See chapter 6 for detailed information about enrolment. 

Chapter 2 defines the goal of the master programme Biomedical Engineering and chapter 3 describes the qualifications of the graduated Master of Science Biomedical Engineering. In chapter 4, an overview of the study programme is given. Subsequently, in chapter 5, the admission programmes for academic Bachelor’s and Dutch polytechnic Bachelor’s are described. Then, the six specialisations are presented in more detail in chapter 6. The medical courses that can be taken at LUMC and Erasmus MC and some of the research groups in the two academic hospitals that offer final master thesis assignments are presented in chapter 7. Next, in chapter 8, an overview of biomedical and medical courses is given, and subsequently an overview of mathematics and engineering courses. Studying abroad is strongly stimulated within the TU Delft in general and within BME specifically. More information on this topic is given in chapter 9. Finally, pass rules and criteria for graduation "cum laude" are presented.

1 Goal

The goal of the master programme in Biomedical Engineering is to educate academic engineers, who are technically high-skilled and have additional medical and biological knowledge. The engineer should be able to understand medical literature, and to develop conceptual models from a technical perspective.

Additionally, these engineers are able to collaborate with physicians, researchers and other health care professionals in order to identify, define and analyse biomedical problems, for the solution of which Biomedical Engineering principles and techniques can contribute; to design and produce a sound solution to the problem; and to present these solutions effectively. Most innovative solutions in biomedical engineering are due to engineers and physicians, who have excellent skills in their own discipline, but who are also able to collaborate in multi-disciplinary teams.

Because of the multi-disciplinary nature of Biomedical Engineering, the concept of clinically driven research is a central theme in the master programme. In clinically driven research the engineer must communicate with the medical doctors about the nature of the clinical problem, and find a technical solution to solve the problem. In contrast, it has happened too often that a high-tech solution is not implemented because the wrong problem was solved.

2 Qualifications of the graduated MSc BME

The graduated Master of Science Biomedical Engineering meets, to a sufficient level, the following qualifications and is capable to extend these:

1) Broad and profound knowledge of the basic engineering sciences (mathematics and physics) and the capability to apply these at an advanced level in one biomedical engineering specialisation.

2) Broad and profound technical scientific knowledge of one biomedical engineering specialisation and the skills to use this knowledge effectively. The knowledge should be mastered at a level of the technological borders of the specialisation.

3) Capability to independently solve technological and biophysical problems, also in a new and unfamiliar situation, by a systematic approach involving: Problem analysis, formulating sub problems, providing innovative solutions, evaluating the feasibility, identifying and acquiring lacking expertise, integrating new knowledge, appreciating the uncertainty, ambiguity and limitations of knowledge and the final elaboration to the problem.

4) Thorough knowledge of methods, paradigms and tools to analyse, interpret, model, simulate design and perform experiments and research. The knowledge has been actively applied.

5) Capability of working both independently and in (multidisciplinary) teams, taking initiatives where necessary.

6) Capability to effectively communicate (including presenting and reporting) about his/her work, with regard to solutions to problems, conclusions, knowledge, considerations, etc. to both professionals and a non specialised public in English.

7) Capability to evaluate and assess the technological, societal and ethical impact of his/her work, taking responsibility with regard to sustainability, economy and social welfare. Capability to come to conclusions on basis of incomplete and limited information.

8) Maintain his/her professional competence through life-long learning, almost fully autonomously.

3 Study programme

3.1 Introduction

Biomedical Engineering is an academic master programme of two years. Within the programme six specialisations can be distinguished:

· Medical Instruments and Medical Safety (MIMS);

· BioMechatronics (BM);

· Tissue Biomechanics and Implants (TBI);

· Medical Imaging (MI);

· Clinical Physics (CP);

· Biomedical Instrumentation (BI).

These specialisations cover a broad field within Biomedical Engineering. Each specialisation requires its specific background knowledge. 

At the beginning of the study programme each student needs to make a choice for a specialisation. Switching between specialisations remains possible, but the student should take into account the obligatory courses and may be the additional required courses for each specialisation.

In this chapter, some general information on teaching periods, examinations, and European Credits are given. Thereafter, the programme of the first and second study year is presented.

3.2 General information

3.2.1 Semesters and periods

Each course year is divided in two semesters. Every semester consists of two periods (quarters). In this study guide, these periods will be referred to as 1A, 1B, 2A and 2B. A period consists of seven weeks of lectures, followed by two or three weeks in which examinations can be scheduled.

3.2.2 Examinations

Examinations can be orally or written. For those subjects where written examinations are scheduled, the student will get at least one opportunity per year to do a re-examination (written or orally). Examinations are scheduled right after the period the course is given. Re-examinations generally take place after the next period. Re-examinations for the examinations taken in period 2B are scheduled in the second half of August.

3.2.3 Study load and European Credits

The study load of a course is expressed in European Credits (EC). This is a result of the European Credit Transfer System (ECTS), which encourages acknowledgement of study results between higher education institutions within the European Union. The study load for one study year is 60 EC. These EC give an indication of the weight of a certain part of the course. One EC involves approximately 28 hours of study. The study load includes all time spent on the course: lectures, self education, traineeship, practical assignments, examinations, etc.

The study programme involves two years of study, each with a study load of 60 EC. The total programme is 120 EC.

3.3 The first MSc year (60 EC)

In the first year, students are expected to take at least 30 EC in biomedical courses, and at least 30 EC in fundamental technical courses. Biomedical courses consist of medical, medical technology, and biophysics courses. 

For the biomedical courses as well as for the fundamental technical courses there is an obligatory part – specific for each specialisation – and there is an elective part that has to be chosen in agreement with the professor responsible for the specialisation. For this part, there is a list with recommended courses and other elective courses (see Tables ?? and??).

The medical technology and biophysics courses are given by engineers and clinicians. The clinicians will explain the clinical problems and their viewpoints, as well as the progress in clinically related research. There are several medical courses that can be taken within the educational programme of two of our clinical partner universities, Leiden University Medical Center and Erasmus Medical Center Rotterdam: students are allowed to take these medical courses with a maximum of 10 EC.

From the engineering viewpoint, there will be an emphasis on the technical and biophysical aspects, i.e. what is the state of the art in design, modelling and simulation. Here, the relation will be made with the engineering background of the students. 

Students are stimulated to do part of their study, e.g. the traineeship, abroad. For more information look at “Chapter 9: Study and traineeship abroad” of this guide.

3.4 The second MSc year (60 EC)

The second year will start with a traineeship in a biomedical research group or biomedical company. Bachelors from a polytechnic school (TH) get dispensation for this traineeship. Thereafter, a literature survey will be done and a master thesis project will be carried out. The order of traineeship and literature survey can be switched.

In general the assignments are carried out individually. It is most efficient if the literature survey, traineeship and the master thesis project are done in the same field of research. In order to assure the multi-disciplinary nature of the BME education, the master thesis project will be tutored by a technical as well as a clinical staff member.

Important!

Each year at the end of April two introductory days for master students are organised: one in Leiden and one in Rotterdam. During these days, information about the research groups and traineeships and master thesis assignments will be presented. The exact date will be announced on the Biomedical Engineering community on Blackboard.

3.4.1 Traineeship in a hospital, industry or other research institute (10 EC)

During the traineeship a project task defined in consultation with the host institute should be done. For Dutch students, it is recommended to do the traineeship abroad. The faculty of the Biomedical Engineering master programme will support initiatives for that purpose, or will actively help to find host institutes. The traineeship should be finished with a report.

Important!

Bachelors with a polytechnic high school degree get exemption for the traineeship.

Usually, the traineeship is arranged via one of the staff members of the chosen specialisation. Additionally, the Information Centre of the Student Facility Centre offer a lot of information, not only on a large number of companies abroad, but also on financially related affairs, working permits, visa, etc. Additional information is available at the website: http://www.sfc.tudelft.nl.

You may also contact the coordinator for International Exchange:

Mrs Mascha Toppenberg
Room 8B-2-31
Mekelweg 2
2628 CD Delft
Phone: 015 27 86959
Fax: 015 27 88340
E-mail: m.p.i.toppenberg@wbmt.tudelft.nl
Important!

The student is encouraged to contact the responsible professor of his specialisation at the beginning of the selection process of the traineeship. This avoids problems in a later stage: the professor has a good overview of institutes and companies within his working area and is able to judge if the chosen institute or company will be appropriate. The responsible professor will have to give approval before the traineeship is started.

3.4.2 Literature survey (10 EC)

It is recommended to do the literature survey in the same research field as the master thesis project. The literature survey will be finished with a report, and presentation in a seminar with staff and fellow students.

3.4.3 Master thesis project (40 EC)

The Master thesis project will be the final part of the BME programme. Preferably, the project will be done in collaboration with a clinical partner from Leiden University Medical Center (LUMC), Erasmus Medical Center (ERASMUS MC) Rotterdam, or Academic Medical Center (AMC) Amsterdam. Each MSc student will have a clinical tutor and a technical tutor, whether the thesis work is done in Delft or at the premises of the clinical partner. About six weeks after the start of the project, the student will give an introductory presentation in which the goals of the project, methodology and the research plan will be presented. The student prepares the MSc thesis as a report of his/her project. The thesis work is evaluated through an oral presentation (graduation seminar) by the candidate and an oral examination before a MSc examination committee composed of at least three scientific staff members, including the thesis supervisor and one staff member from outside the research group. The examination committee may also include external examiners from research institutes or from industrial partners.

Note

An overview of master assignments will be published on the BME site (www.bme.tudelft.nl) in due course.

3.4.4 Oral presentations

In multi-disciplinary research it is essential that students have good communication skills. Therefore, each student has to give three oral presentations (seminars) so he will be trained to deliver a clear message to people with another background. For each presentation a grade will be given: One for the literature seminar, one for the seminar given six weeks after the start of his master assignment (introductory seminar), and one at the end of his master thesis project (graduation seminar). The seminars will be organised centrally for all Biomedical Engineering students. For all Biomedical Engineering students, in their final year it is compulsory to attend these seminars.

3.5 Student interviews

We feel that it is essential that a student knows what is expected from him, and that we learn from the student if there are any problems within the study programme, so we can make improvements. 

At the beginning of the academic  year, a central presentation will be given where we will give the new students a thorough introduction about the BME programme, and where the new students can meet each other.

Thereafter, before October 15, a personalised education programme will be established in discussion with the study coordinator (Dr. ir. Edward Valstar). This programme will have to be approved by the professor responsible for the chosen specialisation, and by the examination board. 

In addition, yearly an official student interview is planned for each student. This interview is intended to discuss study progress and to get feedback on the study programme. A questionnaire will have to be filled out by the student (anonymously) and based on the results of the questionnaires action can be taken to improve courses. 

Important!

The student interviews are additional to, but not a replacement for, regular student-professor contact, that will be held on a more informal basis.

4 Specialisations within the MSc BME programme

4.1 Introduction

For students starting the BME master programme, it is essential to know that the programme is divided in 6 specialisations. 

· Medical Instruments and Safety

· Biomechatronics

· Tissue Biomechanics and Implants

· Medical Imaging

· Clinical Physics

· Biomedical Instrumentation

Not only do these specialisations focus on different aspects of biomedical engineering, they also require different baseline knowledge to be admitted to the specialisation.

Important!

At the beginning of the study programme, each student needs to make a choice for a specialisation. Switching between specialisations remains possible, but the student should take into account the obligatory courses and may be the additional required courses for each specialisation.
In this chapter, the focus of education and research of each specialisation is described. In the next chapter the specific deficiency programmes for admittance to the specialisations will be discussed.

4.2 Specialisation Medical Instruments & Medical Safety (MIMS)

Responsible professor: Prof.dr.ir. Peter A. Wieringa
(tel. 015-2785763; e-mail: p.a.wieringa@wbmt.tudelft.nl)

Prof. dr. Jenny Dankelman, Prof.dr.ir. Cees A. Grimbergen 

Man-Machine Systems Group, Dept. of Biomechanical Engineering, Faculty of Mechanical, Maritime and Materials Engineering (3ME)

4.2.1 Overview

The goal of the research within the Medical Instrumentation & Medical Safety specialisation is to develop new devices, processes and systems to improve the quality and safety of health care delivery. The medical instrument development occurs in several medical disciplines, e.g. minimally invasive surgery, colonoscopy, and catheter interventions. To operate through small incisions in the skin, surgeons need special instrumentation which makes the minimally invasive technique a difficult one to apply. Therefore, new flexible instruments are developed to be used for minimally invasive surgery. In the field of colonoscopy a new locomotion system is developed to move more easily through the bowel and prevent causing pain to the patient. The research related to medical instruments also involves the quality of medical instruments, optimal use, maintenance and sterilisation. To train surgeons outside the operation theatre, new training equipment is developed, such as virtual reality trainers and simulators having force/haptic feedback.

This specialisation is directed to the medical specialisations of surgery, cardio-vascular diseases and gastroenterology.

4.2.2 Admission

Admission to this specialisation without any additional courses is only for Bachelors of Science with an academic degree in Mechanical or Biomedical Engineering. Bachelors  with another degree, need to attend additional courses. More information can be found in Table I.

4.3 Specialisation Biomechatronics (BM)

Responsible professor: Prof. dr. Frans C.T. van der Helm
(tel. 015-2785616; e-mail: f.c.t.vanderhelm@wbmt.tudelft.nl))
Biomechatronics & Bio-robotics group, Dept. of Biomechanical Engineering, Faculty of Mechanical, Maritime and Materials Engineering (3ME)

4.3.1 Overview

Biomechatronics is the interdisciplinary study of biology, mechanics, and electronics. It focuses on the research and design of assistive and diagnostic devices for patients with disorders of the neuro-musculo-skeletal system. A thorough knowledge of the healthy system is required, in addition to knowledge of the status of the patients, i.e. the disease causes and symptoms. In particular, biophysical models of muscles, joints, Central Nervous System and sensors, and human motion control are very helpful for analysis and innovative designs.

The interactivity of biological organs (including the brain) with electromechanical devices and systems is an important item. In this specialisation, the main focus will be on prosthetics, orthotics, joint implants, diagnostic devices for neurological disorders, neuro-rehabilitation robots, haptic interfaces, etc. Examples of more electronic devices have existed for some time, e.g. the heart pacemaker and cochlear implants (a hearing aid for deaf persons). Other exciting biomechatronic possibilities that scientists foresee in the near future include electronic stimulators of muscles and nerves for patients suffering from stroke and patients with trauma of the central nervous system.

4.3.2 Admission

Admission to this specialisation without any additional courses is only for Bachelors of Science with an academic degree in Mechanical or Biomedical Engineering. Bachelors with another degree, need to attend additional courses . More information can be found in Table I.

4.4 Tissue Biomechanics and Implants (TBI)

Responsible professor: Prof. dr .ir. Fred van Keulen 
(tel. 015-2786515; e-mail: f.vankeulen@wbmt.tudelft.nl), 

Dr. ir. Jacqueline van der Linden

Structural Optimization & Computational Mechanics, Faculty of Mechanical, Maritime and Materials Engineering (3ME)

4.4.1 Overview

Despite the long experience in joint replacement prostheses (the first were implanted in the 1960's), these prostheses are not perfect yet. Very good results have been achieved using hip prostheses, but prostheses for e.g. the shoulder joint and fingers fail frequently. To improve these prostheses, a close cooperation between the medical and technical profession is essential.

In this master programme, you will gain knowledge about skeletal tissues (bone, cartilage, and tendons), anatomy of the joints, and methods to measure and calculate stresses and strains in the bone as well as in the prosthesis and materials that can be used in the human body, which have to be both biocompatible and durable. The biomechanical properties of the tissues in the skeleton will be explored: What is the strength and stiffness of these materials, and -maybe even more important- how do these tissues change in aging and diseases, how does the tissue react when a prosthesis is inserted? 

Bone is living tissue that can adapt its mass and architecture to changes in external loads: astronauts loose bone, tennis players have a larger bone mass in their dominant arm. Via the same adaptation mechanism, changes in the loading of the bone caused by implantation of a prosthesis will induce changes in bone mass. In developing prostheses, we have to try to predict these changes and take advantage of the adaptive capability of the skeleton. In order to do this, mechanical tests and advanced computer models need to be combined. 

At the end of this specialisation, you will be able to combine technical and biomedical knowledge in order to make a valuable contribution to new developments in the field of orthopaedics.

4.4.2 Admission

Admission to this specialisation without any additional courses is only for Bachelors of Science with an academic degree in Mechanical Engineering. Bachelors with another degree, need to attend additional courses. More information can be found in Table II.

4.5 Medical Imaging (MI)

Responsible professor: Prof. dr. Albert Vossepoel 

(tel. 015-2782033; e-mail: A.M.Vossepoel@tnw.tudelft.nl
Quantitative Imaging Group, Faculty of Applied Sciences

4.5.1 Overview

In modern medicine, imaging plays an increasingly important role. Nowadays imaging modalities, such as Computed Tomography (CT), Magnetic Resonance Imaging (MRI), and diagnostic ultrasound provide high-quality three-dimensional or even four-dimensional pictures: not only of the human anatomy, but also of its function and the changes over time, aspects that are truly characteristic of the medical field. The high quality of these pictures must be balanced against human factors such as acquisition time and radiation burden for the patient.

The task of the MSc in this specialisation is in providing user interface and visualization facilities for the many Terabytes of data that are produced yearly in a hospital. It is even more important to provide quantitative, accurate and consistent measurements of the objects of interest in the images, in order to complement the qualitative judgment of the radiologist or other medical specialist. When the images have been acquired with different imaging methods, or on different moments, it is necessary to match or register the individual images, before they can be fused, or subtracted from each other.

Intelligent utilization of the measurements can lead to interpretation and classification of the image content, which in turn can provide important diagnostic decision support.

Like every MSc in Biomedical Engineering, a MSc in this specialisation must show competence in cooperating with medical specialists, giving frequent feedback on the problem at hand as well as on the proposed solutions.

Professional opportunities are in medical research, clinical support, and with suppliers and manufacturers of the various devices for acquisition and processing of medical images, mainly directed to radiology.

4.5.2 Admission

Admission to this specialisation without any additional courses is only for Bachelors of Science with an academic degree in Applied Physics. Bachelors with another degree, need to attend additional courses. More information can be found in Table III.

4.6 Clinical Physics (CP)

Responsible professor: Prof. dr. ir. C.E. van Eijk
(tel.: 015-2786559; e-mail: C.W.E.vanEijk@IRI.TUDelft.nl)

Dr. J. Zoetelief

Interfaculty Reactor Institute (IRI), Faculty of Applied Sciences

4.6.1 Overview

Clinical physics is a specialisation that is strongly developing in recent years. On one hand this is due to the ever-increasing application of physical methods in health care. On the other hand it appears that clinical physicists are valuable partners in a discussion among the various professionals working at health care institutions.

Clinical physicists are responsible for the standardisation and calibration of the medical instrumentation, in close co-operation with medical and paramedical professionals. Furthermore, they are responsible for the accuracy and safety of physical methods, applied in the hospital for diagnosis and therapy. The clinical physicist often has a strong position with respect to investments in medical equipment. Medical professionals and hospital management heavily rely upon his or her judgement. Topics can be divided into five areas of interest: general medical physics, radiation therapy, radiology, nuclear medicine and audiology. In radiotherapy, clinical physicists play a major role in treatment planning. Often, clinical physicists are involved in research projects.

The Biomedical MSc programme specialisation Clinical Physics will be preparatory to the post-doctoral education on clinical physics. In the first year the MSc programme consists of about 50 % medical technology and related classes and about 50 % of fundamental technical classes. In the classes on medical physics and radiation technology dealing with medical imaging and radiotherapy, the medical aspects are presented by professionals working in hospitals. In the second year of the MSc programme there will be a MSc thesis project. This will, generally, be carried out at a hospital and be tutored by a staff member of Delft University of Technology and a staff member from the hospital.

4.6.2 Admission

Admission to this specialisation without any additional courses is only for Bachelors of Science with an academic degree in Applied Physics. Bachelors  with another degree, need to attend additional courses More information can be found in Table III.

4.7 Biomedical Instrumentation (BI)

Responsible professor: Prof. dr. ir. Paddy French
(tel. 015-2784729; e-mail: P.J.French@EWI.TUDelft.NL)

Electronic Instrumentation Laboratory, Faculty of Electrical Engineering, Mathematics and Computer Science

4.7.1 Overview

Within the department of Microelectronics biomedical research activities are directed towards sensor Microsystems in the Laboratory for Electronic Instrumentation and low-voltage, low-power electronics in the Laboratory for Electronics. 

The mission in the laboratory for Electronic Instrumentation is to develop smart Microsystems for both analysis and biomedical measurements (both in-vivo and in-vitro). These projects bring together the sensing devices and the read-out electronics. In recent years the laboratory has been developing: a catheter navigation system, multi-sensors for catheters (including measurements in blood), microsystems for monitoring cardiac output, blood impedance measurement system, polymerised chain reaction (PCR) chips, streaming potential in bone, blood analysis and drain fluid analysis. These projects have been performed in collaboration with a number of hospitals, biochemical and medical companies. 

In this specialisation, design methodologies and proof-of-concept vehicles for low-power adaptive integrated circuits for biomedical wearable, implantable and injectable devices are being developed. These are battery powered or battery-less biomedical electronic devices, such as hearing instruments, cochlear implants, neuro-stimulators, pacemakers, and wireless links for biomedical sensors used in health monitoring or telemedicine applications. Major design constraints that are taken into account are reliability, low-voltage (0.7 - 3 Volt) and ultra low-power (<< 1mW) operation. 

4.7.2 Admission

Admission to this specialisation without any additional courses is only for Bachelors of Science with an academic degree in Electrical Engineering. Bachelors with another degree need to attend additional courses. More information can be found in section 6.2.5.

5 Admission

5.1 Introduction

The contents of the Bachelor-degree and study results of each candidate will be evaluated. The intake-coordinator of the examination committee is responsible for this selection. The admission procedure can result in:

· Admission without additional requirements. 
· Admission with additional requirements of no more than 15 EC. The additional requirements in Bachelor courses can be part of the elective courses of the chosen specialisation in the master programme.

· Admission with additional requirements between 15 and 45 EC. In this case 15 EC are part of the 120 EC of the normal MSc-program and 30 EC at most are additionally required above the standard MSc-program.

· No admission (additional requirements are more than 45 EC). The candidate has to obtain a relevant Bachelor-degree first. 

5.2 Admission for students with an academic Bachelor

5.2.1 Introduction

Students holding an academic Bachelor degree in Physics of a Dutch university, or a Bachelor degree in Applied Physics, Mechanical Engineering, or Electrical Engineering of a Dutch University of Technology (Delft, Eindhoven or Twente) or a University which belongs to the IDEA-league (ETH Zürich, Imperial College London or Technische Universität Aachen) can enter the MSc program without additional requirements. 

However, it is important to note that although there are no formal additional requirements, it might be necessary to take some Bachelor courses to be admitted to a specific specialisation. Depending on the specialisation these courses are in the Mechanical Engineering field, in the Applied Physics field or in the Electrical Engineering field.

5.2.2 Additional Bachelor courses for admission to Medical Instruments and Medical Safety (MIMS) and Biomechatronics (BM)

Table I: Overview of additional Bachelor courses that need to be taken in order to be admitted to the specialisations Medical instruments and Medical Safety (MIMS) and Biomechatronics (BM). The numbers indicated the EC points1.

	Course Code
	Course

Name
	Appl. Phys.
	Mech. Eng.
	Elec. Eng.
	Aer. Eng.
	Mar. Tech.
	Ind. Eng.
	Civ. Eng.

	wb1216
	Dynamics 2
	3
	
	3
	
	3
	3
	3

	wbtp209
	Mechatronics
	10
	
	10
	
	10
	*
	10

	sc4140ap
	Control Engineering
	5
	
	
	
	
	
	

	wb2104
	Systems & Control Engineering 1
	
	
	
	
	
	
	3

	wb2207
	Systems & Control Engineering 2
	
	
	
	3
	3
	3
	3

	wi2051wb
	Differential equations
	
	
	
	
	
	3
	

	wi2252wb
	Analysis 3
	
	
	
	
	
	3
	

	
	Total EC
	18
	None
	13
	3
	16
	12
	16


1Appl. Phys = Bachelor in Applied Physics; Mech. Eng. = Bachelor in Mechanical Engineering; Elec. Eng. = Bachelor in Electrical Engineering; Aer. Eng. = Bachelor in Electrical Engineering; Mar. Tech. = Bachelor in Marine Technology; Ind. Des. = Bachelor in Industrial Design Engineering; Civ. Eng. = Bachelor in Civil Engineering.

*Instead of taking this course of 10 EC, students with a Bachelor in Industrial Design Engineering need to take the course "Inleiding Mechatronica of ?? EC in the first MSc year of BME. This course is compulsory within the elective part of the BME programme.

Important!

These specialisations are not recommended for students with a Bachelor in Mathematics or a Bachelor in Computer Science, since the additional Bachelor courses would take more than 45 EC.

Additional Bachelor courses for admission to Tissue Biomechanics and Implants (TBI)

Table II: Overview of additional Bachelor courses that need to be taken in order to be admitted to the specialisations Tissue Biomechanics and Implants (TBI). The numbers indicated the EC points1.

	Course Code
	Course

Name
	Appl. Phys.
	Mech. Eng.
	Elec. Eng.
	Aer. Eng.
	Mar. Tech.
	Ind. Eng.
	Civ. Eng.

	wb1216
	Dynamics 2
	3
	
	3
	
	
	3
	3

	wb1311
	Mechanics 3
	4
	
	4
	
	4
	4
	

	wb1212
	Finite Element Methods 1
	3
	
	3
	
	
	3
	

	wb1213
	Elasticity
	1.5
	
	1.5
	
	
	1.5
	

	wb1214
	Finite Element Methods 2
	1.5
	
	1.5
	
	
	1.5
	

	sc4140ap
	Control Engineering
	5
	
	
	
	
	
	

	wb2104
	Systems & Control Engineering 1
	
	
	
	
	
	
	3

	wb2207
	Systems & Control Engineering 2
	
	
	
	3
	3
	3
	3

	wi2051wb
	Differential Equations
	
	
	
	
	
	3
	

	wi2252wb
	Analysis 3
	
	
	
	
	
	3
	

	
	Total EC
	18
	None
	13
	3
	7
	21
	9


1Appl. Phys = Bachelor in Applied Physics; Mech. Eng. = Bachelor in Mechanical Engineering; Elec. Eng. = Bachelor in Electrical Engineering; Aer. Eng. = Bachelor in Electrical Engineering; Mar. Tech. = Bachelor in Marine Technology; Ind. Des. = Bachelor in Industrial Design Engineering; Civ. Eng. = Bachelor in Civil Engineering.

Important!

These specialisations are not recommended for students with a Bachelor in Mathematics or a Bachelor in Computer Science, since the additional Bachelor courses would take more than 45 EC.

Additional Bachelor courses for admission to Medical Imaging (MI) and Clinical Physics (CP)

Table III: Overview of additional Bachelor courses that need to be finished in order to be admitted to the specialisations Medical Imaging (MI) and Clinical Physics (CP). The numbers indicated the EC points1.

	Course Code
	Course

Name
	Appl. Phys.
	Mech. Eng.
	Elec. Eng.
	Aer. Eng.
	Mar. Tech.
	Math. or Comp. Science
	Civ. Eng.

	tn2512
	Computer Science
	
	4
	4
	4
	4
	4
	4

	tn2545
	Systems and signals
	
	6
	
	6
	6
	6
	6

	tn2344
	Golven

	
	6
	6
	6
	6
	6
	6

	tn2344
	EM1
	
	5
	
	5
	5
	5
	5

	tn1662
	Natuurkunde 2
	
	
	
	
	
	3
	3

	
	Total EC
	none
	21
	10
	21
	21
	24
	24


1Appl. Phys = Bachelor in Applied Physics; Mech. Eng. = Bachelor in Mechanical Engineering; Elec. Eng. = Bachelor in Electrical Engineering; Aer. Eng. = Bachelor in Aerospace Engineering; Mar. Tech. = Bachelor in Marine Technology; Math. Or Comp. Science: Bachelor in Applied Mathemathics or Computer Science; Civ. Eng. = Bachelor in Civil Engineering.

Important!

These specialisations are not recommended for students with a Bachelor in Industrial Design Engineering.

5.2.3 Additional Bachelor courses for admission to Biomedical Instruments (BI)

This specialisation is recommended for students with a Bachelor in Electrical Engineering, who can be admitted directly. Students with degrees such as Applied Physics should show that they have at least 13 EC in Electrical Engineering courses in their Bachelor curriculum. Students who do not meet the admission requirements, in terms of courses followed, may be required to attend additional courses. This can be arranged on an individual basis.

5.3 Admission for students with a Bachelor at a Dutch polytechnic school (TH)

5.3.1 Introduction

Candidates having a Bachelor degree from a Dutch TH-programme in Electrical Engineering, Mechanical Engineering, Applied Mathematics, Applied Physics, Aerospace Engineering or Human Motion Technology (Bewegingstechnologie) can be admitted. A requirement is that the candidate has completed the TH-Bachelors program within 4 years, with good results. The intake-coordinator of the Examination Committee is responsible for the selection of candidates. There is a special enrolment program for these students.

An additional programme, pre-Masters programme, of approximately 30 EC needs to be completed before the candidate is formally admitted to the MSc-program. In the pre-Masters programme, a number of courses of the second year of the academic Bachelor-programme has to be followed. These additional requirements will ensure that the student has at least an entrance level comparable to the second course year of the academic Bachelor-programme that forms the basis for the specific specialisation, i.e. Mechanical Engineering for MIMS, BM, and TBI; Applied Physics for MI and CP, and Electrical Engineering for BI. The head of the chosen specialisation may require that also a number of third year courses of the Bachelor-programme are followed.

Important!

All courses of the pre-Master programme are in Dutch.
Candidates are formally admitted only to the pre-Master-programme. However, both the pre-Master-programme and MSc courses can be followed in the first MSc-year. Formal admission to the MSc-programme is given after completing the pre-MSc-programme. The proposed pre-Master programme has to be approved by the Examination Committee.

Important!

As explained above, it is important to note that the pre-master programme gives admission to specific specialisations within the BME MSc programme. That means that a student needs to make a choice for the specialisation directly at the start of his BME study.

The total number EC points for courses in the MSc programme – including the pre-Master programme - for Bachelor students from a polytechnic school contains about 80 to 90 EC. This is 20 to 30 EC points more than for academic Bachelor’s that do not have a pre-master programme. The period in which courses need to be attended is about one-and-a-half year.

Important!

Polytechnic Bachelors need to plan their courses well in advance. Unfortunately, it has been shown that it is almost impossible to avoid interference of Bachelor courses in the pre-master programme and MSc courses. Therefore, we recommend that polytechnic students contact the coordinator of the BME MSc programme- Dr.ir. Edward Valstar -  in their first or second week after they have started their studies at the TU Delft. He can be reached at: e.r.valstar@wbmt.tudelft.nl.

5.3.2 Pre-master programme for Medical Instruments and Medical Safety (MIMS); Biomechatronics (BM); and Tissue Biomechanics and Implants (TBI)

In these three specialisations, Bachelors with a TH-degree in Mechanical Engineering, Aerospace Engineering or Human Motion Technology (Bewegingstechnologie) can enrol after they have followed a pre-master programme of courses that will give them the same level of knowledge as an academic Bachelor in Mechanical Engineering. Therefore, this pre-master programme is almost the same as the pre-master programme for the MSc in Mechanical Engineering.

This programme brings on an additional 28 EC. However, because these students don't have to do an traineeship during the MSc phase, the total additional study load compared to academic Bachelors is 18 EC.

Advice on this pre-master programme can be obtained from one of the study advisors at the Faculty of Mechanical Engineering, ir. Jaap van der Zanden. He can be reached at: j.p.p.m.vanderzanden@wbmt.tudelft.nl.

More detailed information can be found in the MSc study guide of Mechanical Engineering.

Table IV: Pre-master programme Mechanical Engineering.

	Code
	Course name
	EC

	wi1152th
	Analyse 1 TH
	3

	wi1153th
	Analyse 2 TH
	3

	wi1154th
	Analyse 3 TH
	3

	wi2256th d1
	Lineaire algebra 1 TH
	3

	wi2256th d2
	Lineaire algebra 2 TH
	3

	wb1212
	Eindige elementen. Methode 1
	3

	wb1213-03
	Elasticiteitsleer
	2.5

	wb1214
	Eindige elementen methode 2
	1.5

	wb1216 1)
	Dynamica 2
	3

	wb2207 2)
	Systeem- en regeltechniek 2
	3

	
	Total
	28


Note: It might be useful for some students to prepare themselves better to some of the second year Bachelor courses by inspecting carefully the material of the corresponding first year courses: wb1112wb Sterkteleer 1, wb1113wb Dynamica A, and wb2104 Systeem en Regeltechniek 1.

5.3.3 Pre-master programme for Medical Imaging (MI) and Clinical Physics (CP)

In these two specialisations, Bachelors with a TH-degree in Applied Physics can enrol after they have followed a pre-master programme of courses that will give them the same level of knowledge as an academic Bachelor in Applied Physics. Therefore, this pre-master programme is exactly the same as the pre-master programme for Applied Physics.

This programme brings on an additional 36 EC. However, because these students don't need to do an traineeship during the MSc phase, the total additional study load compared to academic Bachelor students is 26 EC.

Advice on this pre-master programme can be obtained at the polytechnic study advisor at the Faculty of Applied Sciences, Dr. Eric Logtenberg. He can be reached at: e.h.p.logtenberg@tnw.tudelft.nl.

More detailed information can be found in the student handbook for the master of Applied Physics.

Table V: Pre-master programme Applied Physics

	Code
	Course name
	EC

	tn2545
	Systems and signals
	6

	tn2344
	Waves and laboratory exercises
	8

	tn2012
	Quantum mechanics
	5

	tn2052
	Electromagnetism
	5

	wi2140
	Differential equations
	6

	wi2142
	Linear algebra
	6

	
	Total
	36


5.3.4 Pre-master programme for Biomedical Instruments (BI)

In this specialisation, students with a polytechnic Bachelor in Electrical Engineering can enrol after they have followed a pre-master programme of courses that will give them the same level of knowledge as an academic Bachelor in Electrical Engineering. Therefore, this pre-master programme is exactly the same as the pre-master programme for Electrical Engineering. A part of the pre-master programme is filled in on a personal basis. Therefore, it is essential to make an appointment with Prof. Paddy French at the start of the year (P.J.French@EWI.TUDelft.NL). He can also provide you any information that is missing in Table VI.
This programme brings on an additional 30 EC. However, because these students don't need to do an traineeship during the MSc phase, the total additional study load compared to academic Bachelor students is 20 EC.

More detailed information can be found in the MSc study guide of Electrical Engineering. and at http://bmt.its.tudelft.nl.

Table VI: Pre-master programme Electrical Engineering

	Code
	Course name
	EC

	wi1152th
	Analyse 1 TH
	3

	wi1153th
	Analyse 2 TH
	3

	wi1154th
	Analyse 3 TH
	3

	wi2256th d1
	Lineaire algebra 1 TH
	3

	wi2256th d2
	Lineaire algebra 2 TH
	3

	
	Discrete structuren
	

	
	Complexe functietheorie
	

	
	A number of electrical engineering courses dependent on the exact bachelor programme that has been taken
	

	Recommended
	
	

	
	Upper-intermediate English 
	

	
	OR
	

	
	Written English for Technologists
	

	
	
	

	
	Together with a total of
	30


5.4 Admission for students that are still in their academic Bachelor programme

A student that hasn't finished the Bachelor programme is permitted to do examinations in the MSc-programme, if the examination committee approves. When the student has passed the propaedeutic examination and has a study result of the second and third year of at least 100 EC, including the Bachelor thesis, the student can be conditionally admitted to the MSc-program, to take part in examinations of a few MSc-courses. Final admittance is granted after completing the Bachelor programme.

Education in Leiden (LUMC) and Rotterdam (Erasmus MC)

5.5 Introduction

Part of the master programme can be taken at Leiden University Medical Center, Erasmus Medical Center (Rotterdam). On one hand there are many possibilities to do an internship or to do your master thesis assignment in one of these two medical centers, on the other hand it is also possible to take a number of biomedical courses. In Leiden, the focus is on courses for the first master year (these courses are mainly given in Dutch, so they can not be taken by non-Dutch speaking students). In Rotterdam the focus is on courses in the second master year, although the courses can be taken separately in the first master year, they are also integrated in a traineeship programme that is offered.

Important!

Students are allowed to choose these medical courses at LUMC and Erasmus MC with a total of no more than 10 EC. Any additional EC points will come on top of the total of 120 EC needed to accomplish the MSc BME programme.
In this chapter, education at LUMC and Erasmus MC, ranging from courses to traineeships and master assignments, is presented.

5.6 Education in Leiden

5.6.1 Courses
Leiden University Medical Center offers several courses to Biomedical Engineering students. These 3 to 4 week courses will be followed together with (bio)medical students to stimulate an interaction between future colleagues.

At LUMC, education is based on "doelstellingengestuurd" learning. The courses offer lectures (overview, patient demonstration, or response), workgroups, and practicals. The self study is guided by a module book including self-study-assignments. In the workgroups, the material is discussed in more detail under the guidance of a tutor. Each course is examined with a 3 hour written examination. 

Detailed information on the courses and their time schedule can be found at http://www.lumc.nl/onderwijs.html. You can register for these courses by sending an e-mail to Edward Valstar, coordinator of the BME masters programme (e.r.valstar@wbmt.tudelft.nl). Registration has to take place at least 3 weeks in advance Each course has its own module at blackboard via which the course-coordinator communicates with the students. Therfore, students who have been granted admission to the courses will get access to the LUMC blackboard environment. 
Important!

Because all courses in Leiden are BSc courses intended for Dutch medical and biomedical sciences student, they are all taught in Dutch. We are very sorry, but these courses cannot be taken by non-Dutch speaking students.

5.6.1.1 Humane biologie (code:BP031; 6 ECTS)

Programma:
Biomedische wetenschappen

Docent(en):
Prof.dr. R.E. Poelmann

Periode:
19 september – 14 oktober 2005

Hoofddoelstellingen

1.
Het hebben van inzicht in de ruimtelijke bouw van het volwassen lichaam. 

2.
Het kunnen toepassen van ontwikkelingsbiologische principes die leiden tot het ontstaan van een (volwassen) organisme. 

3.
Principes van visualisatietechnieken kunnen toepassen ter verwerving van een driedimensionaal inzicht in de bouw van weefsels, organen en het gehele organisme. 

4.
De architectuur van met name het cardiovasculaire systeem kunnen relateren aan het biomechanisch functioneren van hart en vaten. 

Samenvatting inhoud

Het blok richt zich op de bouw en het functioneren van het menselijk lichaam op een aantal organisatie niveaus: anatomie, celbiologie, circulatiefysiologie en embryologie.

Het zal tevens een inleiding geven in een aantal observatietechnieken, die gebruikt worden om de ruimtelijke opbouw van het lichaam te bestuderen. Er wordt een algemene basis gelegd ten behoeve van het eerste studiejaar. Het (menselijk) lichaam wordt gevormd en onderhouden door een ingewikkeld samenspel van moleculen, cellen, weefsels en organen. Een belangrijk accent in het eerste jaar wordt gelegd op het niveau van moleculen en cellen. In dit blok wordt met name aandacht gegeven aan het niveau van weefsels en organen, maar ook aan het gehele organisme, zodat de student een goed begrip krijgt van het ontstaan, de bouw en het functioneren van het gehele lichaam.

5.6.1.2 Zenuwstelsel (code: M1822; 5 ECTS)

Programma: 
Geneeskunde

Docent(en):
Dr. E.L.E.M. Bollen, blokcoördinator

Periode:
5 – 23 december 2005

Hoofddoelstellingen

Voorzover relevant voor het analyseren en begrijpen van ziekteprocessen kan de student de normale bouw en ligging alsmede het normale functioneren van het zenuwstelsel beschrijven. 

De student kan het onderscheid tussen normaal en abnormaal functioneren van het zenuw-stelsel waarnemen en beredeneren. 

De student kan een eenvoudig klinisch probleem oplossen, daarbij gebruik makend van bovenstaande inzichten.

Samenvatting inhoud

In dit blok komen op een geïntegreerde wijze de bouw en de functie van het zenuwstelsel aan de orde, en je oefent je in het observeren en herkennen van een gestoorde functie van het zenuwstelsel. Je leert de functiestoornissen te bewaken. 

In practica leer je de driedimensionale structuur van de hersenen te herkennen aan de hand van tweedimensionale beelden die verkregen zijn met de moderne beeldvormende technieken van de geneeskunde.

5.6.1.3 Functional and Chemical Neuroanatomy (Code: BB050; 6 ECTS)

Opleiding:
Biomedische wetenschappen

Docent(en):
Dr. E.A.J.F. Lakke

Periode:
23 januari – 17 februari 2006

Voertaal:
English

Hoofddoelstellingen

The student will be able to understand: 

1.
the morphology and function of the mature central nervous system. 

2.
the clinical approach to the central nervous system.

Samenvatting inhoud

The module Functional and Chemical Neuroanatomy deals with the construction and function of the nervous system. At the molecular level, attention is paid to the electrical cellular channel functions, action potentials and the mechanisms underlying neurotransmitter action. At the tissue level, the connections and networks of neurons are studied from two perspectives: 

Hodological: what are the important tracts and what are their functions? The main topics are: sensibility, motor systems, cerebellum and striatum. Cortex and hippocampus are topics in the module Hormones and the Nervous System. 

Neurobiological: Parkinson’s disease. 

The module is partially based on problem based learning, thereby using several computer programmes. The brain is studied macroscopically using gross anatomy and the computer program “Caput”, while microscopy of the connections is studied with the aid of “Marani's mind-maker” and a microscopy computer program. The module continues with aspects of Neurology (sensibility, motor systems, striatum and cerebellum) and Neurosurgery (clinical decision making) as related clinical topics.

5.6.1.4 Internal Regulation I (code: BB290; 6 ECTS)

Programme:
Biomedische wetenschappen

Teachers:
Prof.dr. A. van der Laarse and Dr. L.J.S.M. Teppema

Period:

6 – 31 maart 2006

Aims

The student will be able to define the functions of the heart and lungs. relate their function to their specific anatomical, mechanical and (with regard to the heart)  electrical properties. describe how the heart and lungs cooperate to supply sufficient oxygen to the tissues and to remove the metabolic end-product carbon dioxide from the body  illustrate with clinical examples how pathophysiologic conditions of the cardiorespiratory system can be viewed from basic physiological principles 

Summary

The course Internal Regulation I consists of two modules on the physiology of heart and lungs and on the interrelationships between these two organs. The module Heart will be focused on five major themes: 1) anatomy of the myocardium and the heart; 2) cardiac contraction (mechanical properties of the heart); 3) electrical activity of the heart cell (electrophysiological properties of the heart including electrocardiography); 4) inborn diseases that cause arrhythmias; and 5) cardiac pump function. The module Lungs will consist of three major themes: 1) anatomy of the respiratory system; 2) mechanics of breathing in health and disease; 3) physical and physical-chemical principles on which gas exchange in lungs and tissues, gas transport by the blood and pulmonary ventilation are based. Practicals will be held to illustrate these basic principles.  

5.6.1.5 Tools of the Century 2: Medical Imaging Technology (code BB311; 4 ECTS)

Opleiding:
Biomedische wetenschappen

Docent(en):
Dr. J. Doornbos and Prof.dr. A. de Roos

Periode:
8 – 23 december 2005

Hoofddoelstellingen

The student will be able to: 

1.
discuss the general role of radiology in diagnosis and treatment; 

2.
comment on the medical aspects of imaging techniques (indications, contra-indications, specificity and sensitivity); 

3.
answer questions on the basic physics of imaging techniques. 

4.
discuss the possibilities and the limits of the techniques. 

5.
justify his/her preference for a specific technique on the basis of cost effectiveness. 

6.
comment on recent developments in radiology. 

Samenvatting inhoud

This course focuses on key aspects of various radiology techniques for diagnosis, treatment and therapy monitoring. Since the discovery of X-rays 100 years ago, many more imaging techniques have been developed, such as ultrasound, gamma radiation, magnetic fields and radio frequency radiation. The physical background and clinical use of X-rays, ultrasound, Computed Tomography and Magnetic Resonance Imaging will be shown and discussed in demonstrations and case histories. The latest developments in radiology will be the topic of keynote lectures.

5.6.1.6 Houding en Beweging (Code: M2831; 4 ECTS)

Opleiding:
Geneeskunde

Docent(en):
Dr. Mr. A.C.G. Wenink

Periode:
13-31 maart 2006

Hoofddoelstellingen

Een volledige analyse van een klacht met betrekking tot het bewegingsapparaat vergt inzicht in bouw en functie van dat apparaat alsmede in enkele eenvoudige biomechanische principes en hun toepassing op de functie van gewrichten en van spiergroepen. Deze analyse komt daarom aan de orde. 

Er wordt toegewerkt naar de toepassing van verworven (te verwerven) inzichten op ziekteverschijnselen bij patiënten. Je leert deze analyseren en vergelijken met beschrijvingen in een leerboek. Je leert omgaan met de besturing van gewrichten door spieren en spiergroepen en met de betekenis van de zwaartekracht daarbij. Daardoor wordt het mogelijk door bestudering van een gestoord bewegingspatroon aan te geven wat er fout is gegaan. 

Relatie met andere blokken

Het blok bouwt voort op het blok Morfologie van de Mens (Gnk1), waarin algemene aspekten van het bewegingsapparaat aan de orde zijn gekomen, terwijl onderwerpen uit het blok Zenuwstelsel (Gnk1), met name het perifere zenuwstelsel, bekend worden verondersteld. Het blok vormt een basis voor het direkt aansluitende blok Trauma (Gnk2), en het bereidt voor op het blok Bewegingsapparaat (Gnk3).

Samenvatting inhoud

Patiënten met aandoeningen van het bewegingsapparaat vormen één van de grootste groepen in de wachtkamer van de huisarts. De juiste benadering van deze patiënten vergt inzicht en vaardigheden op verschillende terreinen. In dit blok komen op geïntegreerde wijze de bouw en de functie van het bewegingsapparaat aan de orde. Op globaal niveau wordt de macroscopische bouw bestudeerd. Het inzicht blijft niet beperkt tot boekenwijsheid: in anatomische practica doe je zelfstandig waarnemingen omtrent deze bouw. 

In dit blok is gekozen voor casusbeschrijvingen als basis. 

5.6.1.7 Sturing en Regeling (Code: M1860)
Opleiding:
Geneeskunde

Docent(en):
Dr. R.J. van den Berg, blokcoördinator

Periode:
13 – 31 maart 2006

Hoofddoelstellingen

1. De student kan de basale principes van fysiologische regelkringen beschrijven en kan deze toepassen op regelsystemen die van belang zijn voor de handhaving van het milieu interieur en voor de voortplanting. 

2. De student kan de macroscopische en microscopische bouw en ligging van de bij de regeling betrokken weefsels en organen beschrijven.

3. De student is in staat te beredeneren welke consequenties het abnormaal functioneren van een onderdeel van het regelsysteem heeft voor het systeem als geheel.

4. De student kan studieresultaten presenteren tijdens een voordracht voor een forum bestaande uit studenten en docenten.

Samenvatting inhoud

Het menselijk lichaam is een gecompliceerde structuur, bestaande uit cellen, weefsels en organen. Het functioneren van het lichaam berust op een fijn afgestemd samenspel van de verschillende onderdelen, die vaak een regelkring vormen. De communicatie in een regelkring vindt plaats door middel van boodschappen in de vorm van elektrische signalen, zoals actiepotentialen door neuronen, of in de vorm van chemische signalen, zoals hormonen door kliercellen. Sturing en regeling van uiteenlopende fysiologische grootheden zijn essentieël voor het overleven van het individu. Bij hormonale en neuronale regelingen vindt negatieve terugkoppeling of tegenkoppeling plaats, een mechanisme waarbij een verandering van de geregelde grootheid wordt teniet gedaan en dus constant blijft (homeostase). Tegenkoppeling leidt tot stabiele regeling van uiteenlopende fysiologische grootheden. Een defect in een onderdeel van de regelkring, bv. een hyper- of hypofunctie van het betrokken weefsel, kan een ernstige ziekte veroorzaken. Ter sprake zullen komen regeling en ontregeling van de lichaamstemperatuur, de schildklierhormoon- en bijnierhormoonconcentratie in het bloed en van de koolhydraat- en vetstofwisseling. Ook de regelsystemen die een rol spelen bij de voorplanting, het overleven van de soort, zullen aan bod komen. De bouw van de bij de regeling betrokken weefsels zal op microscopisch anatomische wijze worden bestudeerd. In dit blok zal tevens aandacht worden besteed aan de vaardigheid om mondeling te presenteren. 

5.6.1.8 Mesenchymal differentiation and pathology of bone

Opleiding: Geneeskunde

Docent: Prof. dr. Pancras C.W. Hogendoorn

Samenvatting:

The skeletal system acts in the human body as mechanical scaffold for movement and body shape, it is also essential in mineral homeostasis. Moreover the skeletal system houses important parts of the hematopoetic system. These functions are the result of a delicate interplay both during development and adult live of the different cells which develop and differentiate during embryology till the terminal differentiated forms which can easily be recognised in adult mature bone: osteoblasts, osteocytes, osteoclasts, chondrocytes. In a number of pathological processes either as a reaction to exogenous noxe or as a result of an intrinsic disease process there is a disturbance in this interplay resulting in metabolic abnormalities, growth abnormalities, or even neoplastic growth. Our knowledge and understanding of normal mesenchymal growth and differentiation vastly contributes to the understanding of these pathological processes. 

During this theme we will study normal skeletal development and homeostasis, developmental abnormalities, such as congenital malformations and dwarfism, diseases associated with abnormal matrix production, such as osteogenesis imperfecta, diseases associated with abnormal mineral homeostasis, such as renal osteodystrophy, fracture healing and abnormal (neoplastic) growth, the latter resulting in diseases such as osteochondroma, chondroblastoma  and chondrosarcoma.  

In this week several case studies are performed. Via the learning of morphological changes in the affected body parts, both macroscopically as well as microscopically, we will study the origin of a number of fundamental mechanisms of bone differentiation and growth. The effects of disturbed regulation of physiological mechanisms - resulting in pathology - will be learned and the observed alterations in structure and function will be related to the patient's clinical symptoms and signs. In addition, relevant research themes, including molecular diagnostics, will be illustrated in optional science demonstrations. The progress in understanding disease from basic science results will be discussed in a journal club.

Belangrijk!

Het is het beste om dit blok te volgen in combinatie met het vak Bone Mechanics and Implants (wb2431). Bij deficiëntie in de kennis in de Moleculaire Biologie (hetgeen de meeste studenten zullen hebben) via Edward Valstar contact opnemen met Prof Hogendoorn.

Traineeships and master thesis assignments

5.6.1.9 Cross-table

As has been indicated in Chapter 5, there is an intensive collaboration between the six BME specializations and several groups in Leiden. In order to provide you with a compact overview of which Leiden groups might provide interesting traineeships or final master assignment for the BME specialisation that you have chosen, we first present a cross table here (Table VII). 

Table VII: Cross table indicating collaboration between LUMC research groups and the six Biomedical Engineering specializations in Delft1
	
	MIMS
	BM
	TBI
	MI
	CP
	BMI

	Image Proc. Lab.
	
	
	
	X
	X
	

	Orthopaedics
	X
	X
	X
	X
	
	

	Rehab. Med.
	
	X
	
	
	
	

	Ear, Nose Throat
	
	
	X
	X
	
	X

	Neurology
	
	X
	
	
	
	

	Gynaecology
	X
	
	
	X
	
	

	Pathology
	
	X
	
	X
	
	


1MIMS = Medical Instruments and Medical Safety; BM = BioMechatronics; TBI = Tissue Biomechanics and Implants; MI = Medical Imaging; CP = Clinical Physics; BMI = BioMedical Instruments

5.6.1.10 Description of research groups

Division of Image Processing (LKEB), Department of Radiology

Prof. dr. Hans (J.H.C) Reiber; Dr. Berend C. Stoel; Dr.ir. Boudewijn L.F. Lelieveldt

Contact: b.c.stoel@lumc.nl
Homepage: www.lumc.nl/lkeb
Graduation projects:

http://www.lumc.nl/1010/LKEBHome/english/onderwijs/LKEBonderwijs_english.html
The Division of Image Processing (LKEB) is a division of the Department of Radiology at the Leiden University Medical Center.

Generally, research is aimed at image analysis techniques, which facilitate the interpretation of biomedical images and specifically at the development of algorithms that can perform objective quantitative measurements in daily clinical practice.

LKEB is divided in six sections, of which four are dedicated to segmentation, quantification and visualization for specific applications: Intravascular Ultrasound, Cardiovascular Magnetic Resonance Imaging, Orthopaedics&Pulmonology and Neuro-image Processing. In two sections, research is performed mostly independent of modality and application: the X-ray Vascular Imaging & Quality Assurance section (large-scale clinical validation) and the Knowledge Guided Image Processing section (fundamental image processing, integrating shape- and feature knowledge).
Biomechanics Research Group, Department of Orthopaedics

Prof. dr. Piet M. Rozing; Dr.ir. Edward R. Valstar; Dr. Rob G.H.H. Nelissen

Contact: e.r.valstar@lumc.nl
Homepage: www.lumc.nl/orthopaedics
The research of this group is focussed on four lines: 

1. Functional analysis and biomechanical modelling of the pathologic and prosthetic joint. At the Motion Analysis Laboratory of the LUMC, external motion registration equipment is available for three-dimensional recording of shoulder movements. In addition EMG and forces can be recorded. These data can be used to predict and to evaluate the effect of surgical treatments.

2. Improvement of treatment of the pathological joint by the development of new endoprostheses (shoulder, elbow, wrist, hand). 

3. Improving surgical techniques (minimal invasive surgery, computer assisted surgery)

4. Development of accurate assessment tools for endoprothesis migration (roentgen stereophotogrammetry (RSA), fluoroscopy).

For each line of research, interesting traineeships and master thesis projects are available. Please contact either Edward Valstar or the responsible professor of your specialisation for more information.

Department of Rehabilitation Medicine 

Prof. dr. Hans (J.H.) Arendzen; Dr.ir. Jurriaan H. de Groot; Dr. Carel G.M. Meskers.

Contact: j.h.de_groot@lumc.nl
Homepage: in progress

Graduation projects: contact Jurriaan de Groot.

Experimental research is focussed on description, analysis and prediction of hand and arm function. The department of rehabilitation medicine is involved in four project themes:

1. Neuromuscular changes after stroke (cerebrovascular accident, CVA). Spastic paresis involves velocity and position dependent joint stiffness changes that originate from reduced muscle activation (paresis), changes in spinal reflex gains and muscular properties. In cooperation with the dept. of neurology (LUMC) and the Dept. of Biomechanical Engineering (Delft) the neuromuscular reflex system is identified through force and position perturbation of the wrist joint.

2. Velocity dependent joint stiffness of spastic paresis may be related to a decrease of muscle work. Energy dissipation of healthy and spastic muscles in vivo is monitored by means 31P-NMR (nuclear magnetic resonance) of in cooperation with the department of radiology (LUMC).

3. Hand function in daily activities is determined by the kinematics and torques of three shoulder joints, the elbow joint and the wrist joints. The range of motion, possible compensation mechanisms and joint hierarchy of the degrees of freedom in the upper extremity are studied for intervention planning, intervention follow-up and patient information.  

4. Muscle forces in the shoulder can only be determined by inverse model simulation. We developed an experimental method for relative muscle activation analysis applying a rotating external force on the arm. In cooperation with the dept. of Orthopaedic surgery this method is applied on the analysis of glenohumeral pathology e.g. rotator cuff injury, endoprothesis.

Department of Ear, Nose and Throat Surgery

Prof.dr.ir. Johan H.M. Frijns, ir. J.J. Briaire, dr.ir. W. Soede

Contact: j.h.m.frijns@lumc.nl

Homepage: http://www.lumc.nl/kno/algemeen/subspecialismen.html#1.

Cochlear implants are neuro-prosthetic devices that are widely used to rehabilitate deaf patients. With modern multi-channel devices most recipients are able to gain open set speech understanding (using the telephone).

In Leiden the research on cochlear implants, predominantly focuses on the relationship between the electrode array in the cochlea and the auditory nerve fibres that are to be stimulated. This includes developing and understanding new electrode designs, speech coding strategies and tools to automate the selection of the parameters on an individual basis. The group uniquely combines computational modelling with electro¬physiological experiments in animals and psychophysical and electrophysiological research in implanted patients. 

Since 1995 the Leiden computer model, which combines a detailed 3D model of the implanted cochlea with an active neural model, has been widely recognized as leading in the field. It has been applied in the development of several electrodes, in collaboration with Philips and Advanced Bionics (Sylmar, CA, USA). The latest development, based on the model insights and clinical research, is the HiFocus4L electrode, which will be produced by Advanced Bionics, and coupled to their newest electronics. To keep up with ever increasing demands for computational power for the computer model, a 9 PC computer cluster with RAID storage and a Gigabit backbone was realized in 2003. This enables the further development of (stochastic) multi-axial neural models and more elaborate modelling of the electrical volume conduction model. The insights will continuously have direct impact on the clinical CI program in the LUMC. Collaborations include the department of Neuroradiology (LUMC), the University of Antwerp, the University of California at San Francisco, the University of Rostock and the University of Washington. The latter collaboration focuses on improvement of temporal coding at the level of the auditory nerve (and, consequently, of speech intelligibility in noise and music perception) by adding sub-threshold high frequency (so-called conditioning) signals to conventional speech processing schemes.

Department of Neurology

Dr. J.J. van Hilten (contact: J.J.van_Hilten@lumc.nl)
At the Department. of Neurology there is a long lasting history of research in patients with neurological disorders who also show motor dysfunctions, like patients with Parkinson’s disease, CVA and Complex Regional Pain Syndrome. Clinical diagnosis of these patients is done using questionnaires and simple manual tests. There is an increasing desire for more objective tests for diagnosis, assess the disease progress and the effect of medication. In collaboration with the dept. of neurophysiology, rehabilitation medicine and Delft University of Technology a number of these tests are being developed or improved. E.g. for patients with symptoms of bradykinesia (dysfunction of fine motor coordination) a test is being developed to quantify the ability of fast finger and thumb motions. For patients with Parkinson’s disease and CRPS test are being developed to measure the reflex gains. Other advanced measurement methods, e.g. functional MRI, EEG, SSEP, are also being investigated. 

Section Endoscopy, Department of Gyneacology

Dr. F.W. Jansen

Contact: f.w.jansen@lumc.nl 

Homepage: http://www.lumc.nl/3040/patientenzorg/endoscopie.html

The research of this group is focused on: 

1. Training of surgeons. Development of measurement tools for objective assessment of surgical skills. At this moment training in the skills lab is not obligatory for two reasons. It is unknown what the required skills are and 2) current performance measurements are subjective. For training outside the OR box trainers and virtual reality trainers are available. Box trainers are hardly used because they are not challenging to use and objective assessment of performance is not possible. Objective assessment is currently possible in virtual reality simulators. However, these simulators are very costly and most of them do not incorporate haptic feedback. The challenge is to combine the advances of both the standard box trainers and virtual reality trainers. To achieve objective assessment, tracking of instruments and force measurements are currently under development. The relation between these measurements and surgical performance has to be determined. 

2. Improving surgical instruments. Most instruments used during surgery have many limitations. Several possibilities exist to improve current instruments or develop new instruments 

3. Improvement of ergonomics. The ergonomic situation under which surgeon has to work are not optimal. New techniques should be developed to improve ergonomics.

For each line of research, interesting traineeships and master thesis projects are available. Please contact either F.W. Jansen or the responsible professor of your specialisation for more information.

5.7 Education in Rotterdam

Erasmus MC offers a number of courses during the first year and courses, traineeships and graduation projects during the second year. A traineeship of 10 EC, a literature study of 10 EC (preferably on the same topic as the final research project) and a research project of 40 EC can be done at the Erasmus MC.

You can choose from a number of courses, which can be followed either in the first master year or as part of the traineeship in the final year of the masters program in Biomedical Engineering. Graduation projects, literature studies and traineeships can be performed in several research groups at the Erasmus MC. Below follows a short description of the courses and the groups, for more and/or more recent information: look at the BME-master information at Blackboard. 

You can register for these courses via blackboard (or, if you do not succeed in registering via bBackboard, by sending an e-mail to Dr. ir. J. van der Linden (j.vanderlinden@erasmusmc.nl), coordinator of education for BME students at the Erasmus MC. 
5.7.1 Courses

Technology modules

In Rotterdam, small technology modules of 1 EC are offered that teach an essential technological aspect of medical research (kvr1 to kvr7, see the detailed course descriptions at the end of this guide). These short courses can be followed the year round. The specific time frame and requirements for each course have to be arranged with the contact person of the course. The courses are given to 2-4 students at the same time (depending on the specific module), if you subscribe alone, you will be added to a group. Registration for these short courses has to take place at least 4 weeks in advance.

Medical course 
Besides these courses there is a general medical course (4 EC, kvr7) on “Disorders of Environment & Interior”. This course is given each year at the Erasmus University, in the first semester and covers the anatomy and physiology of some organ systems (e.g. lung, kidney and bladder). Since this course is also part of the general medical training program it stimulates interaction with medical students/colleagues.

Kvr1
Histological techniques

Lecturer(s)
Dr. G.J. van Osch (g.vanosch@erasmusmc.nl)

Description:
Histological techniques include those techniques in which thin slices of the tissue under study are made to enable viewing under a microscope. Using these techniques, high resolution images of small parts of the tissue can be obtained. This is often the gold standard in evaluating tissues and differentiating between normal and diseased tissues in a research setting, or for diagnosis. This module will teach the different steps needed to obtain a high quality microscopic image and involves techniques such as: tissue preparation, fixation methods, staining methods, use of antibodies, molecular methods, fluorescent microscopy and quantification methods.

The course will focus on health and disease of tissues of the skeletal/cardiovascular system.

The module will be finished with a practical training session in which the students will prepare histological sections and evaluate those under supervision of scientists and pathologists with experience in this field. 

Education: self study, practical training and assignment

Assessment: report and oral exam (EC1)

Kvr2
CT imaging in research and in the clinic

Lecturer(s):
dr. F. Cademartiri / prof. dr. ir. Weinans (h.weinans@erasmusmc.nl)

Description:
Computed Tomograpy (CT) imaging is an essential method for three dimensional imaging of tissues. This technique is frequently used both clinically and in research. In computed tomography methods, a series of projection images of a patient or specimen taken from different angles is used to create a three dimensional ‘image’ of the tissue. This course will show the use of this technique in a clinical and animal experimental setting: CT scans are used e.g. to detect diseases and track changes in the bone architecture in experiments. 

The subjects dealt with will cover the essential physics, reconstruction algorithms and various methodological issues such as beam hardening, reconstruction artifacts and noise. 

A variety of applications will be presented and quantitative analyses methods essential for a correct interpretation of the scans will be explained.  

During the practical training the students will work with a micro-CT scanner and perform a variety of scans on in-vitro specimens.

Education: self study, practical training and assignment

Assessment: report and oral exam (EC1)

Kvr3
Echography (use of Ultrasound imaging in diagnostic procedures)

Lecturer(s):
prof. dr. ir. A.F.W. van der Steen / prof. dr. ir. N. de Jong

Description:
Echocardiography is after the Electrocardiogram the most commonly used diagnostic technique in Cardiology. Also in other areas like Obstetrics, Gynecology and Radiology it is commonly used. This course will be a hands-on teaching course of echography. First the elementary functions of components of echo equipment will be taught. Then elementary echo equipment will be built and in vitro measurements performed. The functionality of clinical echo equipment will be evaluated in the laboratory by applying it to volunteers. These include standard B-mode imaging, motion imaging with high temporal resolution, flow-imaging using Doppler techniques and 3D echocardiography. Finally the applied skills can be witnessed by joining diagnostic procedures in the clinic.  

Education: self study, practical training and assignment

Assessment: report and oral exam (EC1)

Kvr4
Radiotherapy imaging and physics

Lecturer(s):
dr. B.J.M. Heijmen (b.heijmen@erasmusmc.nl) / prof.dr. P.C. Levendag  (p.levendag@erasmusmc.nl)

Description:
Medical images (CT, MRI, PET-CT, ultrasound) are essential for establishing  the correct radiotherapy target volume. In the fractionated treatments (treatments in ~ 35 consecutive days) there are variations in the tumor set-up relative to the treatment beams. Daily acquired images, just prior to treatment execution, may be used to correct for these variations. The daily images may also be used to accurately verify the dose of ionizing radiation delivered to the patient. This module is an introduction in the physics aspects of  radiotherapy imaging and in the clinical applications. These applications will be illustrated during stays at several clinical sections of the department of radiotherapy.   

Education: self study, practical training and assignment

Assessment: report and oral exam (EC1)

Kvr5

Computer simulation methods of biological tissues or systems

Lecturer(s):
prof. dr. ir. A. Vossepoel / prof. dr. ir. H. Weinans 

(a.vossepoel@erasmusmc.nl, h.weinans@erasmusmc.nl)

Description:
In this course, several examples of models of biological tissues or systems will be shown, such as prostheses in bone, modeling of living systems e.g. remodeling of trabecular bone (the process by which the bone tissue of your skeleton is renewed continuously) and compression of cartilage. This module will teach how to make a computer model of a biological system, by post-processing data from imaging modalities in order to make quantitative data and using experimental data from e.g. mechanical compression or bending tests. 

In a practical training the students have to solve a problem using and implementing software code relative to a specific data set generated with one of the imaging modalities, such as CT or MRI and/or mechanical tests.

Education
self study, practical training and assignment

Assessment
report and oral exam
(EC  1)
Kvr6
Strabismus surgery

Lecturer(s):
prof. dr. H.J. Simonsz (simonsz@compuserve.com) / ir. S. Schutte

Description:
Approx. 5000 strabismus (squint) operations are performed each year in The Netherlands. The eyes of the patients, half of them children, are aligned during the operation by shortening one muscle while lengthening its antagonist muscle. In 20% of these patients, the strabismus is not fully straightened by the first operation and reoperations are necessary, leading to excessive costs in health care. Primary causes of reoperations are errors and variance in measurement of the strabismus before surgery and in measurement during surgery. These problems are analogous to those found in production lines in industry.

Two or three engineering students will first be presented an introduction (half a day) on the disease of strabismus and the techniques of surgery, followed by an introduction (half a day) on the techniques of measurement of the strabismus before and during surgery. After a literature study (one day), they will observe the examinations of the patients, the measurement techniques as employed by orthoptists and ophthalmologists, and share in the decision taking on what and whether to operate (one day). Some of these patients will be operated the following day, and these operations will be observed by the students, including the surgical and measurement techniques employed, and the instruments used at surgery (half a day). They will conclude by writing a short report containing their observations of this surgical production line.

Education: self study, practical training and assignment

Assessment: report and oral exam (EC1)

Kvr7
General Course on Disorders of Environment & Interior

Lecturer(s)
D.J.G.M. Duncker, J. van der Steen, A.J.M. Verhoeven, R. Zietse, H. Stam 

Description
This course will teach the anatomy and physiology of some organ systems (e.g. lung, kidney and bladder). The student will learn how to differentiate between normal and abnormal function at both the macroscopic and microscopic levels. The most relevant parameters and pathologic conditions of these organs will be presented and discussed. In addition some diagnostic methods and imaging modalities for finding organ pathology will be taught. This course consists of the first four weeks of the education for medical students in the ErasmusMC in Rotterdam.

Education: lectures

Assesment: written exam (EC 4)

Kvr8 Biomedical Image Processing

Lecturers: Prof. dr. A. Vossepoel, Dr. J. Veenland, Prof. Dr. W. J. Niessen

a.vossepoel@erasmusmc.nl w.niessen@erasmusmc.nl, j.veenland@erasmusmc.nl

Description: Both in biomedical research and clinical practice, an overwhelming amount of imaging data are generated. In order to extract the relevant information from these data, e.g. for aiding in diagnosis, treatment planning, or monitoring of therapy, image processing techniques are often required. 

In this course, the student will be introduced into state-of-the art methods for the automated extraction of organs from medical imaging data. The student will subsequently develop code within a medical image processing environment in order to solve a number of relevant clinical applications, such as the quantitative analysis of cardiac and brain image data.

Education: self study, practical training

Assessment
report and oral exam
(EC  1)

5.7.2 Traineeships and master thesis assignments

As has been indicated in Chapter 5, there is an intensive collaboration between the six BME specializations and several groups in Rotterdam. In order to provide you with a compact overview of which Rotterdam groups might provide interesting traineeships or final master assignments for the BME specialisation that you have chosen, we first present a cross table here. 

5.7.2.1 Cross-table

Table VIII: Cross table indicating collaboration between Erasmus MC research groups and the six Biomedical Engineering specialisations in Delft1

	
	MIMS
	BM
	TBI
	MI
	CP
	BMI

	Thorax Center
	X
	
	
	X
	X
	X

	Orthopaedic Res. Lab.
	
	
	X
	X
	X
	X

	Imaging
	
	
	
	X
	
	

	Radiotherapy
	X
	X
	
	X
	X
	

	Ophthalmology
	
	X
	
	
	
	

	Anesthesiology
	
	X
	
	
	
	

	Surgery
	X
	
	
	
	
	



1MIMS = Medical Instruments and Medical Safety; BM = BioMechatronics; TBI = Tissue Biomechanics and Implants; MI = Medical Imaging; CP = Clinical Physics; BMI = BioMedical Instruments

5.7.2.2 Description of research groups

Biomedical Engineering of the Thorax Centre


Prof. dr. ir. Anton F.W. van der Steen, Prof. dr. ir. Nico de Jong

contact: a.vandersteen@erasmusmc.nl
homepage: http://www.thoraxcentre.nl 

Biomedical Engineering of the thorax centre hosts a number of research lines that have all in common that they focus on research towards applications in Cardiology. The horizon for these application varies from 2 months to 15 years. The following research themes can be identified:

1) Intravascular techniques: Catheter based interventions play an important role in modern cardiology.  Intravascular Ultrasound is a catheter based technique that allow diagnosis and therapy guidance of atherosclerotic plaques. Several projects aim at detection of atherosclerotic plaque that is non-significant occluding, but that still can cause myocardial infarction by creating a thrombus after rupture. 

2) Ultrasound Contrast Agents: These are micron sized gas bubbles with a thin shell. They are strong reflectors and can thus be used as contrast agents. Research aims at understanding these bubbles by computer modelling, measurements and optical observations using a fast framing camera (www.brandaris128.nl), developing detection strategies, and guiding clinical implementation. Furthermore the possibilities to use these contrast agents for local drug delivery are investigated 

3) Ultrasound Transducers: Ultrasonics imaging is performed by applying short electrical pulses to an ultrasound transducer. This transducer converts the electrical energy to acoustical. Commercially available transducers are hampered in their applicability. Several projects focus on developing dedicated transducers for special applications 

4) Hemodynamics, In the Hemodynamics laboratory the effects of mechanical stresses on the development of atherosclerosis and on wall healing after interventions in arteries of patients is studied.  Insight in these processes helps to improve selection, diagnosis and treatment of patients with atherosclerosis. 

5) Experimental biomechanics: The group of vascular biomechanics studies the role of biomechanical factors in vascular biology. To that end we combine techniques from molecular biology with biophysics. This allows us to study mechanism underlying the effect of biophysics on vessel remodeling, gene expression, and protein function. The focus is upon the (biological) roles of shear stress and wall stress in atherosclerosis. 

Orthopaedic Research Laboratory 


Prof. dr. ir. Harrie Weinans; Dr. ir. Jacqueline C. van der Linden; Prof. dr. Jan A.N. Verhaar; Dr. Gerjo J. V.M.  van Osch

contact: h.weinans@erasmusmc.nl
homepage: http://www2.eur.nl/fgg/orthopaedics/Information.html
Graduation projects: for more detailed information: contact group members listed above. Examples of subjects: mechanical stimulation of bone, cartilage or tendon; evaluation of bone turnover and the role of micro-architecture in osteoporosis; tissue engineering of bone and cartilage and bioreactor developments; improved diagnostics and the role of subchondral bone in osteoarthritis. The various projects utilize advanced techniques from cell and molecular biology and/or imaging methods (e.g micro-CT). 

Research lines

The Orthopaedic Research Laboratory is part of the department of Orthopaedics of the Erasmus MC. Research is aimed at a variety of topics related to orthopaedic surgery or basic research. There is a main interest in diseases of bone and cartilage such as osteoporosis and osteoarthritis (‘artrose’). The research concerns the full translation from basic research involving cell culture methods and animal experiments to clinical methods involving the development of new diagnostic methods or clinical evaluations. 

The following main topics can be identified. 

1) Imaging of skeletal tissue. In this area mostly micro-CT is used to evaluate bone and cartilage pathology in either human samples or animal experiments. In-vivo micro-CT is used in animal models of osteoporosis and osteoarthritis in combination with novel disease intervention methods.

2) Tissue engineering of skeletal tissues. The major goal in this line of research is to improve methods of tissue engineering to generate new tissues that can replace (parts of) skeletal tissues of the human body. A variety of cell, molecular and bioreactor approaches are used to improve and optimize the cell culture methods for skeletal tissue engineering.

3) Mechano stimulation of skeletal tissues. Physical stimuli have an important effect on growth, development, maintenance and ageing of tissues. In this line of research we try to identify which physical signals are potent stimuli for skeletal maintenance or repair. Cell cultures and  animal experiments are involved for human disease models and to study general aspects of skeletal (cell) physiology.

Biomedical Imaging Group Rotterdam

Prof. dr. ir. A. Vossepoel; Prof.dr. W. Niessen

contact: a.vossepoel@erasmusmc.nl
homepage: www.bigr.nl

Graduation projects: contact prof. Vossepoel/prof Niessen.

The Biomedical Imaging Group Rotterdam (BIGR) is a joint initiative of the Departments of Medical Informatics and Radiology of the Erasmus MC. Through innovative fundamental and applied research it aims to develop and validate advanced techniques for the processing and analysis of large, complex, and heterogeneous medical and biological image data sets. The research of BIGR is organized in three main research lines, viz. cardiovascular image analysis, cellular and molecular image analysis and neuro image analysis.

Cardiovascular image analysis 

Vascular imaging has gone beyond the traditional depiction of vascular luminal morphology. State-of-the art imaging techniques have the potential to provide detailed information on the vessel wall, such as plaque composition, elastic wall properties, and even biochemical processes that take place in the plaque. In addition, dynamic and perfusion imaging can provide functional information, e.g. for determining the perfusion or motion of the heart, or to study tumor activity. Owing to the growing complexity and sheer size of cardiovascular data, in combination with the large increase in the number of studies in clinical practice and biomedical research, there is a strong and increasing interest in robust, automated processing tools to aid in the analysis of these data. This research line aims to develop and evaluate novel image processing techniques for visualization, quantification and integrated analysis of multimodal anatomical and functional cardiovascular imaging data. 

Cellular and molecular image analysis

Advances in fluorescent probing and  microscopic imaging have revolutionized biology in the past decade and have opened up the door to studying the structure and function of even single molecules. In addition, in vivo molecular imaging is expected to have a large impact in clinical practice, as it will be able to study disease processes at the molecular and cellular level, can be used for therapy, and therapy monitoring.

Generally, these imaging studies require the processing and analysis of huge amounts of (3D and 4D) image data, which is at present still done mainly by hand. Manual image analysis is very time consuming (thus costly) and also potentially inaccurate and poorly reproducible. As a result, many biologically and clinically interesting questions are either left unaddressed, or answered with great uncertainty. In an attempt to alleviate this problem, this research line aims to develop automated image analysis technology with specific emphasis on accurate and reproducible analysis of cellular and molecular image sequences.

Neuro image analysis

MR brain imaging is widely used in basis scientific research and in clinical practice, as it is a technique that non-invasively provides both anatomical and functional information. In order to study brain morphometry and function, and its relation to e.g. disease processes or patient characteristics, often large imaging databases are collected. In this research line, advanced techniques for the automated processing and analysis of such databases are developed.  

Department of Radiation Oncology  (Erasmus MC-Daniel den Hoed)

Prof. dr. P.C. Levendag (Head), Dr. B.J.M. Heijmen (Research Director Medical Physics) 

contact: b.heijmen@erasmusmc.nl
homepage: http://www.erasmusmc.nl/radiotherapie
The department of Radiation Oncology of the Erasmus MC is one of the largest radiotherapy centers in Europe with an internationally reknowned research program. Daily around 400 cancer patients are treated with ten linear accelerators, including the robotic Cyberknife system. 
A central research theme is the development, implementation and evaluation of new technology in radiotherapy treatments. Important subjects are image guided radiotherapy (IGRT), including advanced (4D) imaging during treatment, and intensity modulated radiotherapy (IMRT) with computer optimisation of the (4D) dose delivery. There is also great interest in development of robotic treatment machines. The division of Medical Physics with about 45 employees has a leading role in this research program and is also responsible for the physics support of the radiotherapy treatments. PhD students, postdocs and computer scientists are generally working on projects with external funding. Through the years, many physics students (TU and TH) have performed a research project in the division of Medical physics to obtain their BSc or MSc degree. The department has a four-year post-doctoral training program for physicists specializing in radiotherapy physics. This program is supervised by the Dutch Society for Medical Physics (NVKF) and results in a formal registration as medical physicist.

Ophthalmology (Strabismus & Amblyopia) Research Laboratory 


Prof. dr.  Huib Simonsz; ir. Sander Schutte

contact: simonsz@compuserve.com, mail@schutte.ws 

Research lines

Research lines concern the suspension of the eye in the orbit (How does the eye articulate in the orbit ?) and, as a clinical research question, improvement of the precision of operations for strabismus. For better understanding of the suspension of the eye in the orbit the first finite-element-analysis model of the eye in the orbit has been made. For validation of the FEA model, new information is needed on the material properties of the tissues involved and the anatomy of the structures. To this aim corrollary studies are performed on the material properties of orbital fat and other constiuent components, whereas the anatomy of the orbit is reconstructed digitally (5 adult orbits and 8 embryonal heads) in high resolution based on high-resolution scanning of a very large series of orbital anatomy slices. The deformation of the orbital fat during eye movements is analysed with optical flow technique. Finally, a large structured analysis of strabismus surgery has been started, involving models, sensitivity analysis, surgical instrumention and devices to obtain information about the properties of the oculomotor system of individual patients at surgery.

6 All BME master courses

6.1 Specific BME Courses (at TU Delft) and Medical Courses (at LUMC and Erasmus MC)

Several specific BME courses are given at Delft University of Technology. For each specialisation, there are several courses that are obligatory. In addition to these courses there is a number of elective courses. Some of these elective courses fit perfectly within a specialisation: in Table IX, these courses are indicated as recommended.

In addition to the BME courses given at TU Delft, a number of medical courses can be taken at Leiden University Medical Center and Erasmus Medical Center (Table X). These courses will provide an excellent medical basis for BME students. All listed medical courses taken from the Bachelor programme in Leiden are given in Dutch, even if the course name is in English. In Rotterdam at Erasmus MC kvr1 to kvr6 and kvr8can be given in English, if necessary, kvr7 is given in Dutch

Important!

Students are allowed to choose a number of medical courses at LUMC (in Leiden all courses are taught in Dutch!!) and Erasmus MC (in Rotterdam only kvr7 is taught in Dutch, the other courses, kvr1 to kvr6 and kvr8 are taught in English, when necessary) with a total of no more than 10 EC. Any additional EC points will come on top of the total of 120 EC needed to accomplish the MSc BME programme.

Each specialisation has a different total of EC for obligatory courses (ranging from 16 EC for MIMS to 32 EC for CP). As the overall total of BME courses and medical courses should be at least 30 EC, the additional number of EC in elective courses is e.g. 14 EC for MIMS. For CP it is not possible to choose any elective courses that fit within these 30 EC points: any elective will come on top of the total study load for the BME MSc programme of 120 EC.

Important!

In table IX and X, a number of courses are recommended (indicated by the letter R). It seems logical, but be informed that these courses are not Obligatory, it is only a suggestion for you to take these courses. Please feel free not to take them.

Important!

There are many more courses at TU Delft that you can include in your study programme than the elective courses (indicated by the letter E) in table IX: it would simply be too much to include all TU courses in one table. If you would like to take some elective courses that are not in this table, please discuss this with the responsible professor of your specialisation. 
Table IX: Specific BME courses at Delft (O = obligatory; R = recommended; E = elective)
	
	Course code
	Course Name
	Lecture hours
	EC
	MIMS
	BM
	TBI
	MI
	CP
	BI

	Applied  Physics
	??
	Medical Ethics
	
	0.5
	-
	-
	-
	-
	E
	-

	
	??
	Introduction clinical physics
	
	0.5
	-
	-
	-
	-
	R
	O

	
	Ap3351
	Radiation technology and radiation detection
	2/2/0/0
	6
	-
	-
	-
	-
	O
	-

	
	Ap3361
	Medical physics and radiation technology 1
	0/0/2/2
	6
	-
	-
	-
	-
	O
	-

	
	??
	Medical physics and radiation technology 2
	0/0/2/2
	6
	-
	-
	-
	-
	O
	O

	
	Ap3371
	Radiological health physics (+ 31 hours pract.)
	3/3/0/0
	6
	E
	E
	E
	E
	O
	R

	
	Ap3471p
	Measurement in images
	???
	2
	-
	-
	-
	O
	R
	E

	Electrical Engineering and Informatics
	et4085
	Image processing
	0/4/0/0
	4
	-
	-
	-
	O
	R
	E

	
	et4126
	Medical Technology
	3/0/0/0
	4
	O
	O
	O
	O
	O
	O

	
	et4127
	Theme course biomedical techn.
	0/0/0/3
	3
	E
	E
	E
	E
	E
	E

	
	et4128
	Health care systems
	3/0/0/0
	3
	O
	O
	O
	O
	R
	O

	
	et4129
	Phys. meas. meth. And image techn.
	0/3/0/0/
	3
	E
	E
	E
	E
	R
	E

	
	et4130
	Bio-electricity
	0/3/0/0
	3
	E
	E
	E
	R
	E
	O

	
	in4085
	Pattern recognition
	2/2/0/0
	3
	E
	E
	R
	O
	R
	E

	Biomechanics, Design, and Mechanical Engineering
	Ide530
	Biomechanics
	????
	3
	E
	E
	E
	E
	-
	R

	
	Ide534
	Ergonomical aspects data proc. syst.
	????
	2
	E
	E
	E
	E
	-
	E

	
	Wb2308
	Biomedical engineering design
	0/2/0/0
	4
	O
	O
	E
	E
	R
	E

	
	Wb2407
	Human movement control
	0/4/0/0
	4
	R
	O
	O
	E
	-
	E

	
	Wb2408
	Physiological systems
	0/4/0/0
	3
	O
	R
	O
	E
	R
	O

	
	Wb2431
	Bone mechanics and implants
	0/2/2/0
	3
	E
	R
	O
	E
	-
	E

	
	Wb2432
	Biomechatronics
	0/0/2/2
	4
	R
	O
	O
	E
	-
	E

	
	Wb2435-03
	Surgical instruments and medical safety
	2/0/0/0
	2
	O
	R
	R
	??
	R
	??


Table X: Specific technological and medical courses at LUMC and Erasmus MC (R = recommended; E = elective)

	
	Course code
	Course Name
	Lecture hours
	EC
	MIMS
	BM
	TBI
	MI
	CP
	BI

	
	
	Cell Biology
	??
	
	e
	e
	e
	e
	
	e

	Biology and Medical in Leiden

 (with a maximum of 10 EC)
	LUMC
	BP031 Humane biologie
	19 Sept.- 14 Oct.  2005
	6
	R
	R
	R
	R
	R
	R

	
	LUMC
	M1822w Zenuwstelsel
	5-23 Dec. 2005
	5
	E
	R
	E
	E
	E
	R

	
	LUMC
	BB050 Functional and Chemical Neuroanatomy
	23 Jan. 17 Feb.  2006
	6
	E
	R
	E
	E
	E
	R

	
	LUMC
	BB290 Internal Regulation I
	6-31 March 2006
	6
	R
	E
	E
	E
	R
	R

	
	LUMC
	BB311 Medical Imaging Technology
	8-23 Dec. 2006
	4
	E
	E
	R
	R
	E
	E

	
	LUMC
	M2831 Houding en Beweging
	13-31 March 2006
	4
	E
	R
	R
	E
	E
	E

	
	LUMC
	M1860 Sturing en Regeling
	13-31 March 2006
	4
	R
	R
	E
	E
	R
	R

	
	LUMC
	Mesenchymal differentiation and pathology of bone
	Dec. 2005
	1
	E
	E
	E
	E
	E
	E

	Biology and Medica in Rotterdam

 (with a maximum of 10 EC)
	Eras.MC
	Kvr1Histological techniques
	any time
	1
	E
	E
	E
	E
	E
	E

	
	Eras.MC
	Kvr2 CT imaging in research and in the clinic
	any time
	1
	E
	E
	e
	E
	E
	E

	
	Eras.MC
	Kvr3 Echography
	any time
	1
	E
	E
	E
	E
	E
	E

	
	Eras.MC
	Kvr4 Radiotherapy imaging and physics
	any time
	1
	E
	E
	E
	E
	E
	E

	
	Eras.MC
	Kvr5 Computer simulation methods of biological tissues or systems
	any time
	1
	E
	E
	E
	E
	E
	E

	
	Eras.MC
	Kvr6
Strabismus surgery
	any time
	1
	E
	E
	E
	E
	E
	E

	
	Eras.MC
	Kvr7
General Course on Disorders of Environment & Interior
	Sept. 2005
	4
	E
	E
	E
	E
	E
	E

	
	Eras.MC
	Kvr8 Biomedical Image Processing
	any time
	1
	E
	E
	E
	E
	E
	E

	No more than 
	10
	10
	10
	10
	10
	10


R = Recommended; E = Elective

6.2 Mathematics and Engineering courses

Haal ik later uit de huidige BME Guide.
7 Study and traineeship abroad

Study abroad offers a lot of attractive prospects. You become acquainted with a different (organisational) culture, different university life and a different educational system. Besides you enlarge your personal network, you learn to live within a foreign environment, and you improve your knowledge of languages. To put it briefly: a period of study abroad will make a valuable contribution to your personal education and you will profit from it in your search for a proper job.

You can make use of one of many exchange agreements with European and non-European universities for your study at a foreign university. Within such an agreement you do not pay the foreign university any tuition fee. In addition to this, grants are available for financing the additional expenses for staying abroad. For your first information on studying abroad it is recommended to visit the Back Office International Programmes of the Student Facility Centre. Much documentation about study abroad is available at this centre, like information on all universities with which an exchange agreement exists, possibilities for financing, and travel reports from students. Also information is available at the website: http://www.sfc.tudelft.nl.

If you have a clear idea about where you want to go to, you can ask the Coordinator for International Exchange for advice about your programme at the foreign university and about the recognition of your results at the host university. Your graduation professor will judge your work afterwards according to the rules you agreed upon, prior to departure. The foreign programme should contribute 10EC to your MSc programme.

To arrange everything you have to do a lot yourself. Therefore you have to take into account a preparation period of preferably a year, but at least half a year. 

You may also contact the coordinator for International Exchange:

Mrs Mascha Toppenberg
Room 8B – 2 – ??
Mekelweg 2
2628 CD Delft
Phone: 015 27 86959
Fax: 015 27 88340
E-mail: m.p.i.toppenberg@wbmt.tudelft.nl
8 Technical University Teacher Course (TULO)

Graduated Masters of Science in Biomedical Engineering have the opportunity to participate in a special course to become a high school teacher in science or mathematics.

There is a standard course, which includes 60 EC. A maximum of 30 of these EC can be integrated in the MSc study programme, the other, at least, 30 EC have to be earned in a post MSc course.

For more information on admission to the programme and the study programme please contact the office of TULO.

Office of TULO

Faculty TBM

Jaffalaan 5, 2628 BX Delft.

Phone: 015 27 82786 / 015 27 83768

E-mail: j.geerlings@tbm.tudelft.nl

9 Enrolling for courses and tests

There are different procedures to enroll. Usually it is necessary to enroll for courses and tests.

9.1 Courses

Students can enrol for specific courses at Blackboard (http://blackboard.icto.tudelft.nl). Most of the communication between lecturer and students goes by Blackboard announcements. Also exchange of information, assignments and reports often takes place via Blackboard. 

9.2 Tests

Enrolling for tests is compulsory and can be done at the TAS-site (‘Tentamen Aanmeld Systeem’: http://www.tas.tudelft.nl). This should be done two weeks before the test takes place, at the latest, otherwise the test will not be accounted for by the lecturer. If a student has enrolled, but decided not to do the test, the student must cancel this, at least one week before the test takes place.

When first using TAS the student must choose a personal password. This can be done by using the campus card in a card reader. At the faculty there are two card readers: one is located near the Pallas/Parthemus computer room (4, 1st) and one is located at Education support staff (8B, 2nd floor).

10 Pass rules and criteria for ‘cum laude’

10.1 Pass rules

To pass a course or assignment, a grade of at least 6 is necessary. It is possible to pass the MSc- examination with one grade of 5. The grades are rounded off to the nearest integer.

10.2 Examination

On completing the programme, the student should apply for the Master’s examination by means of a form, available from the Education Support Staff.

10.3 ‘Cum laude’

At the discretion of the examinations board, a candidate for the Master’s degree can receive the designation “cum laude” if he or she meets the following conditions:

a. the mark awarded to the components specified in the Master’s examination implementation procedures shall average no less than 8, excluding the Master’s Thesis in a list that contains no marks below 6;

b. the candidate concerned shall have completed the Master’s degree programme in no more than two and a half years;

c. the mark awarded for the thesis project shall be no less than 9;

d. the examiner of the graduation assignment shall have submitted a proposal for the award of “cum laude”.

This is part of the “Regulations and guidelines for the board of examiners”, Appendix 6.1 of this study guide.

11 Cheating, Citation and Plagiarism

When doing an assignment, project or other educational activity, the student uses sources and knowledge of other people. This is allowed if the following points are taken in mind: Citation
Citation, literally copying text is allowed, if:

· The text is limited in length and

· The citation is made between quotation marks and

· The source, even when this is an internet source, is mentioned in a correct and complete manner.

Paraphrasing
Paraphrasing is defined as describing a text of a third party in your own words. This is allowed, if:

· It is mentioned what is being copied and of whom and

· The source, even when this is an internet source, is mentioned in a correct and complete manner and

· There is a clear separation between the ideas of the third party and own ideas.

Plagiarism

Plagiarism means copying of pieces of text, ideas, design and theories of others, without mentioning the source. Plagiarism is a form of cheating and is illegal.

Cheating

Cheating is wider than plagiarism and also includes taking a look at other’s work during exams or refusing to make a proportional amount of effort in a group assignment, which is assessed based on the effort of the group as a whole. People, who do this, are called passengers.

Students suspected of copying, cheating, or being passengers, run the risk of being barred by the examination board from all tests and examinations held by TU Delft for up to one year. This can also have wide-ranging consequences for both the duration and the financial aspects of your course of study.

(With information from the TBM flyer ‘Copying is a copout’)

�The administration of the MSc programme is held at the Faculty of Mechanical Engineering, Marine Technology and Materials Science. 





�Zijn grotendeels overgenomen van de nieuwe track BioMechanical Design: ik ondervond alleen wat problemen met eindterm 2 en heb die dan ook laten staan in het oude format


�PAGE \# "'Page: '#'�'"  ��Invullen als alle tabellen af zijn


�Nummers checken van deze vakken: Albert dacht dat het een ander nummer moest zijn. Ik heb het gecheckt in de TNB studiegids: daar staat het als Waves en Lab. Exercises voor 8 ECTS. Nu hebben we het voor 6 ECRTS staan. Klopt er iets niet?


�Moeten we hier duidelijk maken dat dit een blok van een aantal weken is: aangeven of en zo ja hoe dit interfereerd met de overigeDelftse vakken? Wordt deze kennis ook in de Leidse vakken aangeboden en is er mogelijk overlap? Zo ja, moeten we dan of in Leiden of in Rotterdam een cursus schrappen?


�Moeten deze twee regels weg? Er staan geen beschrijvingen van deze groepen in de tekst.
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