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What neural implant technologies are out there?
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• Neurons communicate via the transmission of electric signals
• These consist of individual action potentials, which represent a fast change and 

recovery in the voltage of the neuronal membrane
• Neurons also communicate electric signals to non-neuronal cells to control their 

activity (e.g. motor neurons to muscles)

Electrical Activity in the Nervous System
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Rossant et al. Fitting spiking neuron models

Frontiers in Neuroscience www.frontiersin.org February 2011 | Volume 5 | Article 9 | 5

from brian import *
from brian.library.modelfitting
input, data = load_data()
eqs = Equations('''
    dv/dt=(R*I-v)/tau : 1
    I : 1
    R : 1
    tau : second ''')
params = {

'R': [1.0/nA, 1.0/nA, 5.0/n
'tau': [2.0*ms, 5.0*ms, 25.
'_delays': [-5*ms, -5*ms, 5

results = modelfitting(

__global__ void runsim(
int Tstart, int Tend, // Start, en
// State variables
double *V_arr,
double *R_arr,
double *tau_arr,
int *I_arr_offset, // Input cur

// currents 
int *spikecount, // Number of
int *num_coincidences, // Count of 
int *spiketimes, // Array of 

// end each 
int *spiketime_indices, // Pointer i
int *spikedelay_arr, // Integer d
int onset // Time onse

    )
{

const int neuron_index = blockIdx.x * 
if(neuron_index>=N) return;
// Load variables at start
double V = V_arr[neuron_index];
d bl R R [ i d ]
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FIGURE 3 | Simulation on graphics processing unit (GPU). Model code is transformed into GPU-executable code and compiled at runtime. The GPU simulates 
the neurons with one execution thread per neuron, each with a specific set of parameter values. GPU threads are organized into blocks, and blocks are organized into 
grids. The division into blocks and grids controls the memory access patterns in the GPU hardware.
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FIGURE 4 | Fitting spiking models to electrophysiological recordings. (A) The response of a cortical pyramidal cell to 
a fluctuating current (from the INCF competition) is fitted to various models: MAT (Kobayashi et al., 2009), adaptive 
integrate-and-fire, and Izhikevich (2003). Performance on the training data is indicated on the right as the gamma factor 
(close to the proportion of predicted spikes), relative to the intrinsic gamma factor of the neuron (i.e., proportion of 
common spikes between two trials). Note that the voltage units for the models are irrelevant (only spike trains are fitted). 
(B) The response of an anteroventral cochlear nucleus neuron (brain slice made from a P12 mouse, see Methods in 
Magnusson et al., 2008) to the same fluctuating current is fitted to an adaptive exponential integrate-and-fire [Brette and 
Gerstner, 2005; note that the responses do not correspond to the same portion of the current as in (A)]. The cell was 
electrophysiologically characterized as a stellate cell (Fujino and Oertel, 2001). The performance was ' = 0.39 in this case 
(trial-to-trial variability was not available for this recording).

0 mV, meaning that spike initiation was as sharp 
as in a standard integrate-and-fire model. This 
is consistent with the fact that spikes are sharp 

at the soma (Naundorf et al., 2006; McCormick 
et al., 2007), sharper than expected from the 
properties of sodium channels alone, because 

A. L. HODGKIN AND A. F. HUXLEY
between the rise of potential and the rise of conductance being even more
marked.

Absolute value ofpeak conductance. The agreement between the height of the
conductance peak in Fig. 16A and the half-amplitude of the bridge output in
Fig. 16B is due simply to the choice of scale. Nevertheless, our calculated
action potentials agree well with Cole & Curtis's results in this respect.
These authors found that the average membrane resistance at the peak of
the impedance change was 25 Q.cm2, corresponding to a conductance of
40 m.mho/cm2. The peak conductances in our calculated action potentials
ranged from 31 to 53 m.mho/cm2 according to the conditions, as shown in
Table 4.
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Fig. 17. Numerical solution of eqn. (31) showing components ofmembrane conductance (g) during
propagated action potential ( - V). Details of the analysis are as in Fig. 15.

Components of conductance change. The manner in which the conductances
to Na+ and K+ contribute to the change in total conductance is shown in
Fig. 17 for the calculated propagated action potential. The rapid rise is due
almost entirely to sodium conductance, but after the peak the potassium con-
ductance takes a progressively larger share until, by the beginning of the
positive phase, the sodium conductance has become negligible. The tail of
raised conductance that falls away gradually during the positive phase is due
solely to potassium conductance, the small constant leak conductance being of
course present throughout.

Ionic movements
Time course ofionic currents. The time course ofthe components ofmembrane

current carried by sodium and potassium ions during the calculated pro-
pagated spike is shown in Fig. 18 C. The total ionic current contains also
a small contribution from 'leak current' which is not plotted separately.
Two courses are open to current which is carried into the axis cylinder by

ions crossing the membrane: it may leave the axis cylinder again by altering

530
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• Create an electrical interface with the nervous system

• Allow us to communicate with neurons through electrical signals

• We can measure or modulate neuronal activity using implants that transmit electrical signals

Neural Implants

4Prof. Dr. Kristen Kozielski (TUM) | Nair, PNAS 2013. Strickland, IEEE Spectrum 2017. udallpd.umich.edu



Medical Uses for Neural Implants

5Prof. Dr. Kristen Kozielski (TUM) | Robert „Buz“ Chmielewski, Pablo Celnik, JHU School of Medicine, Applied Physics Lab

Somatosensory cortex recording for robotic limb control



Medical Uses for Neural Implants

6Prof. Dr. Kristen Kozielski (TUM) | Wagner et al. Nature, 2018.

Spinal cord stimulation for SCI rehabilitation



Medical Uses for Neural Implants

7Prof. Dr. Kristen Kozielski (TUM) | UT Health San Antonio Dept. of Neuro.; ©University of Pittsburgh

Deep Brain Stimulation for Parkinson’s disease



Neural implants inside of the body
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What happens to implanted devices inside the body?

9Prof. Dr. Kristen Kozielski (TUM) | Farra et al. Sci Transl Med. 2012
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What happens to a neural implant inside of the body?

10Prof. Dr. Kristen Kozielski (TUM) | Kozai et al. J. Neural Eng. 2012; Biran et al. Exp. Neuro. 2005; 
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What happens to a neural implant inside of the body?

11Prof. Dr. Kristen Kozielski (TUM) | Woeppel et al. Front. Bioeng. Biotech. 2021.

Encapsulation, degradation, and loss of function over time
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How can we use materials science to change this?

12Prof. Dr. Kristen Kozielski (TUM) | Yang et al. Nat Mat. 2019; Kozai et al. Nat Mat. 2012; Seo et al. arXiv. 2013; Massey et al. J Neural Eng. 2019 
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• Why would these features (e.g. stiffness, size, shape, surface chemistry) change 
how the body responds to a device?

• How can we use materials science to control these properties?

What we need to explore
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• Biological responses to neural implants

• Mitigating detrimental responses
• Size and shape
• Stiffness
• Wireless devices

Neuroengineering Materials – Key Concepts



• Taking a look at some of the classic papers that helped us to understand the biological resopnse to 
implanted neural devices

Biological responses to neural implants

15Prof. Dr. Kristen Kozielski (TUM) | Kozai et al. J Neural Eng, 2012. Szarowski et al. Brain Res, 2003. Biran et al. Exp Neuro, 2005.



• Exploring implant designs with different sizes/aspect ratios/subcellular features, how they are made, and 
how these designs change the biological response

Mitigating detrimental responses: Size and shape

16Prof. Dr. Kristen Kozielski (TUM) | Seymour and Kipke, Biomat, 2007. Massey et al., J Neural Eng, 2019.



• Soft electrode design, manufacturing, and characterization, and how stiffness changes the biological 
response

Mitigating detrimental responses: Stiffness

17Prof. Dr. Kristen Kozielski (TUM) | Das et al., Macromolecules, 2020. Vachicouras et al., Sci Trans Med, 2019. Yang et al., Nat Mat, 2019. 



• Exploring methods to wirelessly power neural devices, avoiding transcranial/transdural wiring, and 
injectable electrodes

Mitigating detrimental responses: Wireless devices

18Prof. Dr. Kristen Kozielski (TUM) | Chen et al., Science, 2015. Singer et al., Neuron, 2020. Seo et al., arXiv, 2013.



Journal article selection
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Elastocapillary self-assembled neurotassels for stable 
neural activity recordings 

20Prof. Dr. Kristen Kozielski (TUM) | Guan et al., Sci Adv, 2019.



Subretinally injected semiconducting polymer nanoparticles 
rescue vision in a rat model of retinal dystrophy 

21Prof. Dr. Kristen Kozielski (TUM) | Maya-Vetencourt et al, Nat Nano, 2020.



An Injectable Neural Stimulation Electrode Made from an In-
Body Curing Polymer/Metal Composite 

22Prof. Dr. Kristen Kozielski (TUM) | Travathan et al., Adv Health Mat, 2019.



Microstructured thin-film electrode technology enables proof 
of concept of scalable, soft auditory brainstem implants 

23Prof. Dr. Kristen Kozielski (TUM) | Vachicouras et al., Sci Trans Med, 2019.



Structured nanoscale metallic glass fibres with extreme 
aspect ratios 

24Prof. Dr. Kristen Kozielski (TUM) | Yan et al., Nat Nano, 2020.



Bioinspired neuron-like electronics 

25Prof. Dr. Kristen Kozielski (TUM) | Yang et al., Nat Mat, 2019.
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Course Information
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• Kick-off meeting
• October 20th, 11:30 – 13:00

• Journal article selection opens
• October 27th, 11:30
• Moodle

• Student presentations
• February 2nd, 11:30 – 13:00 and 

February 9th, 9:45 – 11:15

• Paper submission deadline
• February 23rd, via email to your 

supervisor

• Meetings with supervisor
• 3X 1 hour, at the supervisor’s discretion

Key Dates
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• Prachi Kumari – p.kumari@tum.de

• Aleksandra Milojkovic – aleksandra.milojkovic@tum.de

• Hannah Wunderlich – hannah.wunderlich@tum.de

Supervisors

mailto:p.kumari@tum.de
mailto:aleksandra.milojkovic@tum.de
mailto:hannah.wunderlich@tum.de


- 50% presentation - content, slide organization/clarity, presentation quality, 
thoroughness with regard to the sections/questions

- 50% paper - content, thoroughness with regard to the sections/questions, clarity

Seminar grading



• Format: 25 min long; please see the list in the “Paper” section to guide your presentation 
content

• Due: July 19th, 11:30 – 14:45, during the student presentation session

• Submission: Bring the prepared talk on your laptop to the session (email your supervisor 
the week prior if you cannot use your own)

Presentation – 50%

30Prof. Dr. Kristen Kozielski (TUM)



• Format: 2500 – 3000 words (not including references or figure captions)

• Due: by the end of the day (midnight) on February 23rd, 2023

• Submission: via email to your supervisor, with k.kozielski@tum.de in cc

Paper – 50%

31Prof. Dr. Kristen Kozielski (TUM)
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• Introduction –
- Provide context for what the paper is about.
- Cite and discuss prior work that led up to this technology.

• Methods –
- What were the key methods used, and how do they work? 
- Choose one fundamental method in the paper, and describe it in depth.

• Results –
- What are the key results of the paper? 
- What is your evaluation of these results (e.g. controls, statistics, completeness of experimental 
set)? 

Sections to include in your paper and presentation

32Prof. Dr. Kristen Kozielski (TUM)



• Contribution to the field –
- What key step forward did the technology presented provide, or what key problem did it solve? 
- What are the pros/cons of this technology vs. technologies with similar goals and/or 
approaches?

• Conclusions –
- Summarize important points of the above sections

• Figures –
- Three total. One must be a cartoon/diagram made by the student that describes the overall 
aim/purpose/results of the paper (biorender.com offers free licenses to students for figure 
creation)

• References

Sections to include in your paper and presentation
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Questions?
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