
Internship for master student in Neurophysics at DCN Dept. of Biophysics 

John van Opstal (Biophysics, FNWI)    –    Jerrald Rector (Dept. Geriatrics, RadboudUMC) 

“RICH Bio-Impedance project”                                                    May 2021 

RICH is an acronym for the Radboud Interfaculty Complexity-Science Hub, which is an 
interdisciplinary and interfaculty initiative (coordinated by prof Marcel Olde-Rikkert, dept. of 
Geriatrics), funded by the Radboud University within the context of Interfaculty Collaborations. 

 

Background: There are common factors that give rise to so-called quarter-power scaling relationships 
in physiology that have been well-characterized in the biological literature. For example, in the blood-
circulatory system, the average heart rate, fH, of an animal, or its total metabolic power consumption, 
�̇�, can be accurately derived on the basis of simple principles that relate an animal’s body size (mass) 
to the volume-filling branching structure of arterial networks (e.g., West et al., 1997), as 𝑓$ ∝ 𝑀'(.*+ 
and �̇� ∝ 𝑀(.,+, respectively. These factors include a self-similar fractal branching structure, an 
optimization process which minimizes the resistance (energy losses) to flow material through this 
structure, and a universal finite terminal unit (e.g., capillaries, leaves of a tree, or alveoli in the lungs). 

A biological phenomenon that may show hints of relying on similar factors is the tissue electrical 
response measured by bio-impedance spectroscopy (BIS; Freeborn, 2018). BIS reflects the impedance 
of the body in response to a small stimulating current that is applied to the body across a range of 
frequencies. The resulting impedance spectrum follows a power-law scaling relationship that is 
reminiscent of those arising from the common factors of other biological systems outlined above. 
Similar scaling behaviour has been identified in solid-state materials (Jonscher, 1977), and were 
hypothesized to be due to many-body interactions. However, the current models for BIS (like the Cole-
Cole model) have not explicitly related these factors into the interpretation of the BIS response.  

This RICH project will take a first step towards elucidating the extent to which the key factors identified 
in other biological systems (blood-circulation systems of animals, vascular systems in plants and trees, 
tracheae in insects, lungs, but even within subcellular structures like mitochondria) can be applied to 
explain the frequency-dependent impedance response observed with BIS.  

Project description 

Two students will be involved in this project: one student at the Dept. of Biophysics (Supervisor: J 
van Opstal), the other student at the Dept. of Geriatrics (supervisor: J Rector). Both students will 
collaborate in this project through regular meetings and shared interests. In the Biophysics project, 
the main purpose for the student is to develop a computational and theoretical complexity model 
that could explain the BIS responses.  You will compare the currently accepted models (e.g., the Cole 
model, described in Freeborn, 2018) to determine the extent to which these models may already 
incorporate (some of) the general factors leading to scaling laws, and whether these models could 
be improved by supplementing these models with the elements elucidated for other biological 
scaling phenomena (West et al., 1997).  

In the Geriatrics project, the student will analyze data to elucidate how deviations in the scaling 
relationships may foreshadow physiological dysregulation. For example, disruptions of optimization 
in the circulatory system like clogged arteries can lead to stroke and heart attack. The electrical 
properties of the body, measured by bioimpedance analysis, are strongly linked to health status but 
there is no established basis for their interpretation in terms of these basic factors of complex 



systems. Using data from a large epidemiological cohort containing bioimpedance spectroscopy data 
along with a wide range of health-related measures, it is possible to link deviations in the individual 
components or in the overall scaling to health status. You will collaborate with the Biophysics 
student to test how elements in the developed model could underlie the observed dysfunctions. 
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   Starting Date:    from June 1, 2021 onwards. 

Contact Details: John van Opstal, Dept. of Biophysics, HG00.831 (tel: 14251) 

  j.vanopstal@donders.ru.nl 

                  http://www.mbfys.ru.nl/~johnvo 

 

                             Jerrald Rector, Dept. of Geriatrics (tel: 14251) 

   Jerrald.Rector@radboudumc.nl 


