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1. Scientific results 2013 

The projects in FOM programme 'New physical Instruments for Healthcare' started in the course 
of 2010 and are therefore now in the stage of harvesting the results. Below the most significant 
results of the projects are summarized. 
 
Project 09NIG01 Sound light: quantitative tissue imaging by light and ultrasound 
The research in this project has concentrated on the development of a new method to obtain 
acousto-optic signals in tissue, that can be combined with photo-acoustic imaging in a natural way, 
and that will overcome the problem of tissue dynamics, which has frustrated acousto-optic meas-
urement until now. We succeeded to demonstrate a completely new concept for acousto-optic 
measurements, using double pulses from a highly coherent nanosecond pulse laser, and with a 
pulse interval of half the ultrasound wavelength. The double pulses are realised by sending part of 
the light into a meters long delay line. The system is realised on a large optical table in free air, is 
quite impractical in use, but works. We have been able to measure high quality acousto-optic sig-
nals in liquid scattering media in a fraction of time compared to previous methods.  
The last effort in the project will be to really combine the developed acousto-optic method with a 
photoacoustic experiment in a liquid medium with absorbing inclusions. If we can show that the 
absorbers can be imaged with a mutual amplitude ratio in the image that is independent of the 
optical properties of the surrounding medium, this will be a breakthrough. Next steps, to be made 
outside this project, would be to develop a more robust setup making use of a more practical delay 
line or multiple pulsed lasers, and to combine this in a setup for photoacoustic tomography, ini-
tially for small animals, and later on in a photoacoustic mammoscope. 
 
Project 09NIG03 Minimally invasive optical coherence tomography for diagnosis and staging of 
early lung cancer lesions 
Optical Coherence Tomography (OCT) is based on the interference of broadband light in a 
Michelson-interferometer. It allows a very sensitive detection of light reflected from tissues at a 
frame rate of 100 Hz. To exploit this rate as good as possible a lung catheter with a small mirror 
rotating at more than 6000 rpm has been developed, which is used to scan lung tissue. The catheter 
contains a micromotor with a diameter of 1 mm. The signals are processed with a newly developed 
method using the SU(2) properties of the Jones matrices for propagation and scattering of light in 
optical fibers and tissues. This has made it possible to improve the signal-to-noise ratio by more 
than a factor 2. This analysis is based on the polarisation sensitivity of the developed OCT system, 
which allows e.g. the assessment of the breakdown of collagen, which occurs in cancers. 
 
Project 09NIG14 Plasma treatment of burn wounds 
We have investigated optimal settings of cold gas plasma for the disinfection of burn wounds. 
Inactivation of bacteria (Pseudomonas aeruginosa) in saline solution appeared to be dependent on 
a decrease in pH of the solution, distance between plasma plume and liquid surface, treatment 
time, mV and pulsing. Changes in plasma settings affected [H2O2], [NOx] and fluxes of NO and O3, 
but not of UV or OH. In vitro combination of H2O2, NaNO2 in Tris pH 4 showed that much higher 
concentrations were required to obtain a high reduction of bacteria, compared to those obtained 
after plasma treatment. 
To test the safety of plasma treatment for wound healing, burn wound models consisting of ex 
vivo human skin were used. Epithelial outgrowth and proliferation after 3 weeks of culture were 
not reduced by plasma treatment. However, bacterial reduction in these burn wound models 
required longer plasma treatment times compared to bacterial suspensions (8 versus 1 min). Tests 
with one plasma source, which is sending electrical fields into the tissue, resulted in enhanced 
proliferation of fibroblasts, while tests with another plasma source, which does not send electrical 
fields into the tissue, has no effect on fibroblast behaviour.  
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Project 09NIG20 High speed accurate breath diagnostics using frequency-comb cavity-enhanced 
Vernier spectroscopy 
Human breath analysis is becoming one of the fastest growing research areas in medical diagnos-
tics thanks to the introduction of laser spectroscopy. Laser spectroscopy can identify and measure 
the concentration of specific volatile organic compounds (VOCs) contained in exhaled breath. 
Diseases like asthma and cystic fibrosis (CF) increase the concentration of particular VOCs and 
therefore laser spectroscopy has potential as a non-invasive reliable diagnostic tool. 
This research area is relatively new, only for few VOCs the standard concentrations exhaled by a 
healthy person are known. In this project we built an instrument that measures the spectral profile 
of breath in the mid-infrared region of 8 to 12 micrometers. Using this we have performed a clini-
cal study for children who are healthy; asthmatic or have CF. We see significant differences 
between the spectra for the three groups. Systematic information about the factors affecting the 
concentrations or the relevant differences between breath of human subjects is, unfortunately, still 
rather scarce. 
The most important result of our research is the identification of wavelength zones where the 
breath from CF and asthmatic patients has relevant differences in companison to healthy children. 
This opens the possibility to identify new biomarkers for these diseases by focusing in the identifi-
cation of VOCs with spectral signatures in these wavelength zones. Strikingly, our results suggest 
that for some of the potential biomarkers the concentration changes are exceed expectations by a 
factor of 100 to 1000 and therefore increase the feasibility of building a dedicated detection system 
for these specific compounds. 
 
2. Added value of the programme 

The programme has been established in 2009 as a start-up for the NWO-theme 'New Instruments 
for Healthcare'. The six projects funded aim at developing new instruments for the diagnostics and 
treatment of various disease conditions based on a broad range of physics. As a consequence there 
is limited collaboration and synergy between the different projects. Projects 09NIG20 and 09NIG06 
have a significant overlap in both medical application (breath analysis) and physics (optical spec-
troscopy) and have established a strong collaboration. 
 
3. Personnel 

All positions of the projects in the programme are filled. The PhD-students in project 09NIG14 
defended his PhD-thesis in 2013; all other PhD-students are expected to defend their thesis in 2014. 
Dr. R. Brandenburg (Leibniz Institute for Plasma Physics, Greifswald, Germany) has, supported by 
a German research grant, participated for a period of a year in project 09NIG14. 
 
4. Publications 

Several project leaders report that the conversion of the physics-based measurement principle into 
an instrument for (pre-)clinical is a significant hurdle, which explains to a large extent the rather 
limited output in 2013. They report to be close to the final results and expect a significant number 
of publications in 2014, the closing year of the programme. 
 
09NIG014 
- B.K.H.L. Boekema, S. Hofmann, B.J.T. van Ham, P.J. Bruggeman, E. Middelkoop, Antibacterial plasma 

at safe levels for skin cells, Journal of Physics D: Applied Physics, 46, 422001, 2013. 
- C.A.J. van Gils, S. Hofmann, B.K.H.L. Boekema, R. Brandenburg, P.J. Bruggeman, Mechanisms of 

bacterial inactivation in the liquid phase induced by a remote RF cold atmospheric pressure 
plasma jet, Journal of Physics D: Applied Physics, 46, 175203, 2013. 
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5. Valorisation and outreach 

Project 09NIG03 has established a collaboration with the US company Ninepoint that is spe-
cialized in photomedicine for the commercialisation of the project outcome. 
In project 09NIG14 currently three spin-offs are under development. Furthermore the research 
will be pursued further in a project funded by the Dutch Burns Foundation and a proposal for 
more clinically oriented research has been submitted to ZonMW. 
Projects 09NIG03 and 09NIG14 have been the starting point of FOM programme proposals. 
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Fact sheet as of 1 January 2014 

 FOM - 08.1642/9 
 datum: 01-01-2014 
 
 
APPROVED FOM PROGRAMME 
 
 
Number 107. 
  
Title (code) New physics instrumentation for health care (NIG-FOM) 
  
Executive organisational unit BUW 
  
Programme management Prof.dr. S. Brandenburg 
  
Duration 2008-2014 
  
Cost estimate M€ 2.8 
  
Concise programme description 

a. Objectives 

To stimulate physics research into the development of new or improved instrumentation for health 
care. 
 
b. Background, relevance and implementation 

This FOM-programme is part of the NWO Initiative 'Nieuwe instrumenten voor de gezond-
heidszorg' (NIG), a cooperation between ZonMw (theme coordinator), FOM, STW and ICTregie. 
The NIG–theme focuses on five clusters: 

- Instruments for minimally-invasive therapy; 

- Instruments for medical optics and acoustics; 

- Instruments for medical imaging; 

- High-precision instruments for health care; 

- Health care technology and safety. 
 
Project applications for the FOM-programme 'New physics instrumentation for health care' were 
evaluated as to their scientific merit (from a physics perspective) and their relevance for health 
care. An initial check as to whether an application was within the scope of the NWO-theme was 
performed by the NWO theme committee, 'Nieuwe instrumenten voor de gezondheidszorg' (NIG). 
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Funding 

salarispeil cao per 01-07-2012 

 

bedragen in k€ < 2012 2014 2015 2016 > 2017 2018 > 2019 Totaal 

FOM-basisexploitatie 1.619 256 - - - - - 1.875 

FOM-basisinvesteringen - - - - - - - - 

Doelsubsidies NWO p.m. p.m. p.m. p.m. p.m. p.m. p.m. p.m. 

Doelsubsidies incidenteel 900 - - - - - - 900 

Doelsubsidies derden - - - - - - - - 

Totaal 2.519 256 - - - - - 2.775 

 
 
Source documents and progress control 

a) Original programme proposal: p.m. 
b) Ex ante evaluation: p.m. 
c) Decision Executive Board: FOM-08.1522 
d) Decision Executive Board: FOM-09.1605/D 
 
 
Remarks 

The final evaluation of this programme will consist of a self-evaluation initiated by the programme 
leader and expected to take place in fall 2014. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 BO par. HOZB 
 
 
Subgebied: 100% FeF 
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Historical overview of input en output 

 

Input 
personnel (in fte)  finances* (in k€ ) 

WP/V WP/T PhD NWP 

2009 - - - - 2 

2010 - 1.5 3.8 - 354 

2011 - 2.8 6.0 - 652 

2012 - 1.6 5.0 - 753 

2013 - 0.4 5.8 0.7 418 

 

Output 
PhD theses refereed publications other publications & 

presentations 
patents 

2009 - - - - 

2010 - 3 12 - 

2011 - 5 43 - 

2012 - 8 33 - 

2013 - 8 33 - 

* After closing the financial year. 
 
 
PhD defences 

2009 
None. 

2010 
None. 

2011 
None. 

2012 
None. 

2013 
None. 

 

 
 
Patents (new/changes) 

2013 
None. 
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Overview of projects and personnel 

 
Workgroup FOM-D-25 

Leader Prof.dr. H.P. Urbach 

Organisation Delft University of Technology 

Programme New physics instrumentation for health care 

Project (title + number) 
High speed accurate breath diagnostics using frequency-comb cavity-
enhanced Vernier spectroscopy 09NIG20-1 

 

FOM employees on this project 

Name  Position Start date End date 

A. Reyes Reyes PhD 01 September 2010 31 August 2014 

 
 
Workgroup FOM-E-22 

Leader Prof.dr.ir. G.M.W. Kroesen 

Organisation Eindhoven University of Technology 

Programme New physics instrumentation for health care 

Project (title + number) Plasma treatment of burn wounds 09NIG14-1 

 

FOM employees on this project 

Name  Position Start date End date 

S. Hofmann PhD 01 March 2010 28 February 2014 

 
 
Workgroup FOM-N-03 

Leader Prof.dr. D.H. Parker 

Organisation Radboud University Nijmegen 

Project leader Dr. F.J.M. Harren 

Programme New physics instrumentation for health care 

Project (title + number) 
Ultrasensitive quantum Cascade laser spectroscopy for the heterodyne 
detection of exhaled biomarkers 09NIG06 

 

FOM employees on this project 

Name  Position Start date End date 

R. Centeno PhD 01 December 2010 30 November 2014 
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Workgroup FOM-R-06 

Leader Prof.dr. J.C. de Jongste 

Organisation Erasmus Medisch Centrum Sophia Kinderziekenhuis 

Programme New physics instrumentation for health care 

Project (title + number) 
High speed accurate breath diagnostics using frequency-comp cavity-
enhanced Vernier spectroscopy 09NIG20-2 

 

FOM employees on this project 

Name  Position Start date End date 

 Zweekhorst PhD 01 July 2013 14 August 2014 

E. Mastrigt PhD 01 January 2013 30 June 2013 

 
 
Workgroup FOM-V-17 

Leader Prof.dr. J.F. de Boer 

Organisation Vrije Universiteit Amsterdam 

Project leaders Dr. F. Ariese 

 Dr. S. Witte 

Programme New physics instrumentation for health care 

Project (title + number) 
Minimally invasive optical coherence tomography for diagnosis and 
staging of early lung cancer lesions 09NIG03-1 

 

FOM employees on this project 

Name  Position Start date End date 

J. Li PhD 15 December 2009 30 June 2014 

 
 
Workgroup FOM-V-19 

Leader Prof.dr. E. Middelkoop 

Organisation Vrije Universiteit Medisch Centrum 

Programme New physics instrumentation for health care 

Project (title + number) Plasma treatment of burn wounds 09NIG14-2 

 

FOM employees on this project 

Name  Position Start date End date 

W. Talhout TP/T 01 April 2013 30 November 2013 

B.K.H.L. Boekema postdoc 01 July 2010 30 June 2013 

 


