
Master in Biomedical 
Sciences

Specialization in 
Neuromodulation



The Limits of Psychopharmacology

The Blood Brain Barrier



Neuromodulation

using electrical stimulation or magnetic fields 
to influence parts of the (central) nervous 
system

a large and multidisciplinary field of scientific 
inquiry with great clinical potential



2500+ Years of Neuromodulation History

black torpedo fish was used in ancient 
Greece to apply electrical (brain) stimulation 
for pain relief

recent technological developments enable far 
more sophisticated approaches



Disruption of Broca’s Area



Treatment After Spinal Cord Injury



Current Neuromodulation Approaches

Invasive Techniques

Deep Brain Stimulation
Spinal Cord Stimulation 
Vagal Nerve Stimulation
Sacral Nerve Stimulation

Non-Invasive Techniques

Transcranial Magnetic Stimulation
Transcranial Direct Current Stimulation
Transcranial Alternating Current Stimulation



Specialization in Neuromodulation
First of its kind programme starting next year!

Maastricht has a strong tradition in neuromodulation research and application across 
various departments

A unique specialization that is truly interdisciplinary

State-of-the art training with a strong focus on research



Two Core Courses on Neuromodulation

• Fundamental Neuromodulation

• provides essential knowledge about 
neuroanatomy and neurophysiology

• detailed explanation of basic principles of 
current neuromodulation techniques

• Particular focus on...
• deep brain stimulation

• spinal and sacral neuromodulation

• transcranial magnetic stimulation

• Translational Neuromodulation

• showcases clinical applications of various  
neuromodulation techniques in neurology, 
neuro-rehabilitation, and psychiatry

• provides a conceptual and technological 
framework that allows translating state-of-the-
art understanding of the central nervous system 
into novel treatment approaches



Practicals and Internships

experience clinical neuromodulation practices in several departments

extensive lab tours and hands-on training

opportunity to get in contact with research groups at MUMC+

a 10-months Master thesis internship



Target Group & Carreer Opportunities
Prospective students should have a first degree in biology, biochemistry, biotechnology, 
biomedical sciences, medicine,
or any other related field

This program offers a unique opportunity for students who wish to pursue careers in 
neuroscience. The integrated curriculum provides students a specialization in 
neuromodulation that is not easily achievable in any individual Master program, which 
is highly demanded in academia, but also in the pharmaceutical industry.



Neuromodulation Research at MUMC+

fundamental

pre-clinical

clinical



Deep Brain Stimulation
The most famous and successful 
neuromodulation approach

Involves the placement of an electrode inside 
the brain, with a wire pulse generator 

Used to treat Parkinson's disease and number 
of other disorders



Deep Brain Stimulation



Ultra-high field scanners at MUMC+

3.0, 7.0, and 9.4 Tesla!

Structural imaging

Functional imaging

Quantitative imaging

Diffusion imaging

Arterial Spin Labelling

MR-spectroscopy



The Human Brain



Brain Damage = Loss of Function



Placebo 

Stimulation

Alpha Rhythm
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Translate findings to stroke patients for recovery



In NL approximately 1 million patients
suffer from depression

Lifetime Prevalence of 10-20 %

Second most years lived with disability

Depression



Depression: Current Treatment Efficacy

cumulative remission rate: 67%

probability of remission decreases dramatically 
after two treatment attempts

about 25% of patients do not tolerate and/or stop 
treatment

about 30% are treatment resistent
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Depression: A Network Imbalance



Simultaneous rTMS and Psychotherapy



Transcranial electrical stimulation

Many More Established Approaches

spinal cord stimulation

vagus nerve stimulation

sacral nerve stimulation



A quickly evolving field...

in vitro neuromodulation
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A quickly evolving field...

in vitro neuromodulation

in vivo neuromodulation



Brain-Computer Interfaces
devices that detect intent (typically 
intended movement) from brain activity, 
and translate it into an output action, 
such as control of a cursor on a screen or 
a robotic arm

1) acquiring a neural signal that can be 
consciously controlled

2) analyzing that signal to identify an 
intended motor output

3) executing the intended action



Neural Prostheses and Neural 
Rehabilitation 

is used in conjunction with a planned training 
program to replace or improve function of an 
impaired nervous system or to provide a better, 
more controllable prosthesis following loss of a 
limb.



Retinal Implants



A quickly evolving field...

in vitro neuromodulation

in vivo neuromodulation

optogenetics
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Henderson et al, 2009



Specificity of the optogenetic neuromodulation technique

Henderson et al, 2009



Optogenetics



Temel and Jahanshahi, Science 2015



Take-Home Message

The specialization in Neuromodulation is a brand-new programme

Ambitious combination of in-depth courses, practicals, and internship

MUMC+ is a unique setting for this research-oriented Master

Carreer prospects in academia, clinical settings, and industry



• Students who apply for a UM-wide scholarship 
up to and including 1 February 2019

• Non-EU/EEA-students
up to and including 1 May 2019

• EU/EEA-students
up to and including 1 June 2019

Admission related questions?
Please visit the stand from the Board of Admission
at the information market for a personal talk 
with our staff members

Application deadlines to start in September 2019



visit
www.maastrichtuniversity.nl

for more information

http://www.maastrichtuniversity.nl/

