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Modern Medicine is characterized by the intensive use of high-tech instruments with short innovation cycles of medical 

technology. This generates new demands for curricular contents in education of physicians beyond those of usual physics 

courses for medical students. Keeping these contents up to date and presenting the matter suitable for medical students is 

challenging. 

Usually Biomedical Engineering is not subject of education in Medicine. Some fundamentals of medical technology and 

instrumentation are embedded in courses of “Physics for Medical Students”. Textbooks of “Physics for Biology and 

Medicine” reduce the content of general physics courses by selecting topics relating mainly to application in physiology. 

Aspects like medical technology and fundamentals of informatics in medicine are often underrepresented or outdated.  In 

many textbooks of “Physics for Medicine” we found a distinct gap between their contents of basic physics and the missing 

“Introduction in Medical Technology”. A modern and contemporary curricular design should identify those gaps and 

provide appropriate course material. The goal of such courses should be to describe and explain the functional principles 

of the most frequently used medical technologies and their limitations in a way comprehensible for medical students. The 

question “How much physics knowledge is needed for a modern medical doctor?” can be answered by the course design 

principle mentioned above. We demonstrate exemplarily such gaps in textbooks used in the German speaking area and 

focus on a dozen topics of medical technology.  

The introduction and maintenance of this part of medical education is very time consuming and represents an 

extraordinary teaching load. On the other hand, such basic skills and knowledge ensure the communication level needed 

for cooperation between physicians, clinical engineers, and scientists from other fields and might be fundamental for 

prospective medical doctors working in research.  

  



 Biomed Tech 2016; 61 (s263) © by Walter de Gruyter • Berlin • Boston. DOI 10.1515/bmt-2016-5024 S263 

 

 

ID: Z-OP-02 

 

Technical Medicine – an online study-program for medical professionals and 

biomedical engineers 
 

Jonathan Ahles, MasterOnline Technische Medizin, University of Freiburg, Germany,  

Jonathan.Ahles@uniklinik-freiburg.de 

Carola Schneider, MasterOnline Technische Medizin, University of Freiburg, Germany,  

Carola.Schneider@uniklinik-freiburg.de 

Dominik von Elverfeldt, MasterOnline Technische Medizin, University of Freiburg, Germany, 

Dominik.elverfeldt@uniklinik-freiburg.de 

 

The MasterOnline study program Technical Medicine offers continuing medical-technological education for 

professionals working in the medical field. The study course follows the “Blended-Learning“-concept, i.e. it is conceived 

as an online study course with small portions of intermittent phases of attendance teaching.  

Beginning as a program solely designed for medical professionals, the study program expanded its target group to include 

biomedical engineers starting in the winter term of 2015. In March 2016, the first group including both medical 

professionals and biomedical engineers has completed their first semester. Additionally, students with a background in 

biomedical engineering have to complete the online course “Clinical Propaedeutics”, which includes principles of 

Anatomy and Physiology as well as Structures and Logistics. 

Students were given evaluation questionnaires at the end of the first semester. Additionally, they were personally asked 

about their demands in group interviews. We compared evaluation questionnaires of medical professionals enrolled in 

the program over the last years with questionnaires completed by the study group including biomedical engineers. Items 

such as structure of course content, learning materials, time management and workload were measured on a scale ranging 

from 1 (fully disagree) to 5 (fully agree). The results show an overall satisfaction with the study program as well as with 

the teaching situation in particular. E.g. students of the mixed cohort rated structure of course content on a scale of 1 to 5 

with 4,3, whereas medical professionals participating in the course program from 2011-2014 rated the same item with 

3,7. 

We found that students with a background in biomedical engineering rated the study program comparable to medical 

professionals. We conclude that the study program Technical Medicine provides a good opportunity for biomedical 

engineers to deepen their scientific education in the medical field and to gain skills helpful in working in a clinical 

environment. 
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Kurdistan region in northern Iraq belongs to the middle east crisis region. Thus strenuousness work is necessary to help 

people in this area. Biomedical engineering affects every stage of the health cycle. From prevention to diagnosis to 

monitoring to therapy, biomedical engineers support health care and thus help men. 

The recently launched DAAD-projects BIONIQ-Bios and BONIQ-MedPhys have the objectives to intensify the 

collaboration of the University of Duhok (UoD), Iraq, with THM University of Applied Sciences and to support our UoD 

colleagues to establish a bachelor degree program in the field of biomedical engineering. We also support the opening of 

a faculty in the field of biomedical technology in 2016/17 at UoD. Additional goals are to foster research and economic 

co-operations. 

However, "help for self-help" is an essential guiding principle of the two projects. In order to reach our goals, we continue 

our work that we started some years ago also within a previous DAAD sponsored project called “Biomedical Engineering 

in Northern Iraq” (BIONIQ). Several expert conferences and workshops in Duhok and in Gießen are planned. A very 

important point is the promotion of young scientists. Consequently 6 iraqi PhD students will have the possibility to receive 

scholarships in order to study biomedical engineering or medical physics at THM. Summer schools are known to have 

substantial beneficial effects on educational progress. Thus we want to carry out a summer school in the field of 

biomedical engineering and medical physics in 2017 in collaboration with our colleagues from UoD. This summer school, 

which will be principally open for UoD and THM students, is expected to promote education and, in addition, mutual 

understanding. 

We will report on the two DAAD-projects and on the work that will have taken place, those still to come, and on spillover 

effects that these projects are creating. 
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Recanalization of chronic total occlusions of coronary vessels is a wide-spread catheter intervention with proven benefit 

for the patient. However, it incorporates a certain risk of penetrating the vessel as well as increasing patient’s exposure to 

radiation and contrast agent with longer procedural time. As with many medical applications, the physician’s expertise is 

a key to successful interventions. In this work, we present a specially designed model circuit, which provides CTO-

training for interventional cardiologists. As a test scenario, a silicone model of a coronary vessel is modified to exhibit 

comparable haptic properties of a CTO with and without microchannels. Expert evaluation in the development phase will 

ensure a realistic haptic impression of the model. Extending the state-of-the-art, a special guide wire from the HapCath 

project with a diameter of 0.014 inch and an integrated force sensor at the tip can measure the intracorporal forces of the 

intervention. Additionally, a modified torquer with an integrated single-axis force sensor is used to measure the forces 

executed by the cardiologist during the test procedure. The movement of the guide wire is measured by an encoder in 

order to assess movement-based quality criteria. A camera setup with software filtering is used to obtain an x-ray-like 

image of the training scenario that can be used with a human-machine-interface similar to a real operating setup. Applied 

x-ray and contrast agent doses can be measured as well. Thus, a new training and evaluation setting for CTO training with 

haptic feedback will be developed to optimize training in interventional cardiology and to evaluate new technologies for 

the interventional treatment of these challenging scenarios. The setup will also help to evaluate whether haptic facilitates 

the CTO-intervention.  
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High quality of new algorithms, methods, workflows, and technical equipment in biomedical engineering research should 

be examined before transferring the innovation into clinical applications. Usually, evaluation is made by comparing new 

methods with approved „gold standard“ directly at an adequate cohort. But verification could be profoundly made on the 

basis of validated models with well-known characteristic parameters. Simulation with reliable mathematical or physical 

models is a typical  engineering technique, often combined with sophisticated artificial test signals. The fundamental 

procedure of modelling and simulation methodology including validation and verification will be demonstrated using 

examples from several research fields: simulation of local brain activity resulting from functional stimulation in 

neurosurgery, simulation of retinal venous pulsation at healthy subjects or glaucoma patients in ophthalmology, 

simulation of heart-pacemaker interaction, simulation of continuous blood pressure measuring, and simulation of cerebral 

autoregulation or interaction between respiratory system and mechanical ventilation devices in intensive care. Each model 

focusses on other properties of living organism and interacting technical equipment. Each dynamic biomedical 

engineering process is described by other physically and physiologically interpretable structures, functions, measures, 

parameters. But all models are based on the same engineering technology of  building an analogy to represent regulation 

and control in complex hierarchical systems by the help of flow and difference quantities. Models and simulation systems 

generated for research purposes are shared with education and training environment, complementing theoretical presence 

lectures or internet-based interactive blended learning systems with guided laboratory courses for deeper understanding 

of biomedical engineering in practical use at the patient. Background theory can be found in textbooks „Biomedizinische 

Technik“ (de Gruyter Berlin) and corresponding interactive electronic learning programme. Details of model construction 

and application of experimental setups are offered for use by other institutions for education and training  courses in 

technical and medical academic studies - or for research. 

  

 


