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Model Credibility Plan – 2018 Update  
 
 
Summary of project topic 
The end goal of this multiscale modeling research is to bridge the gap existing between three-dimensional, 
full-wave, macro-modeling of electrical and magnetic biointeractions (global modeling) and cellular-level 
modeling strategies. This research effort aims to predict spatio-temporal distributions of active neurons 
based on current densities created by multi-electrode electrical stimulation, and dependent upon a set of 
"core models" of molecular (receptor-channel kinetics), synaptic, neuron, and multi-neuron activity. 
These models and their inputs and outputs must be integrated into a global model of the extracellular 
media/matrix including relevant multi-electrode arrays. Successful modeling at these levels will allow 
hypotheses about space-time patterns of electrical stimulation to produce predictions about the number 
and distribution of activated inputs (based on known spatial distributions of afferent axons). The linked 
molecular, synaptic, neuron, multi-neuron, and global model will provide the basis for emerging 
predictions of the spatio-temporal distribution of active neurons and thus, the spatio-temporal 
distributions of spike train activity that encode all information in the nervous system. 
 
 



A. and B. List of planned actions outlined in Model Credibility plan and corresponding information gained 
 

 
 



 
 



C. Actions and activities classified within the CPMS TSR framework 

 
 
 
 
D. Description of how the planned activities will lead to a credible model 
The activities described above are in line with the ten simple rules defined by the Committee on Credible 
Practice in Modeling and Simulation in Healthcare, and provide significant added value in terms of 
credibility to the models our groups develop. 
 



E. Progress to-date and plans for the next reporting cycle (6 months). 
We anticipate following the same iterative process (based on the ten simple rules) used so far.  
More specifically for the large-scale hippocampal model, we anticipate additional neurons to be added 
within the dentate gyrus and CA3 by mid-2019, and neurons in the CA1 by the beginning of 2020. 
Individual neuron model evaluations and subsequent network level evaluations will be performed as the 
neuron models become ready.   
Notably, a stronger effort will be placed on generating further documentation describing models features, 
parameters and limitations to a more general audience, thereby opening the models for the community. 
 
Relevant Publications: 

[1] Bingham, C. S., Loizos, K., Gene, J. Y., Gilbert, A., Bouteiller, J. M. C., Song, D., ... & Berger, T. W. 
(2018). Model-Based Analysis of Electrode Placement and Pulse Amplitude for Hippocampal Stimulation. 
IEEE Transactions on Biomedical Engineering. 

[2] Bingham, C.S., Bouteiller, J-M.C., Song, D., Berger, T.W. (2018). Graph-Based Models of Cortical 
Axons for the Prediction of Neuronal Response to Extracellular Electrical Stimulation. IEEE Engineering in 
Medicine and Biology Society (EMBC). In print. 

[3] Bingham, C. S., Loizos, K., Yu, G., Gilbert, A., Bouteiller, J.-M., Song, D., … Berger, T. W. (2016). A 
large-scale detailed neuronal model of electrical stimulation of the dentate gyrus and perforant path as 
a platform for electrode design and optimization. In 2016 38th Annual International Conference of the 
IEEE Engineering in Medicine and Biology Society (EMBC) (pp. 2794–2797). IEEE. 
http://doi.org/10.1109/EMBC.2016.7591310 

[4] Bingham, C.S., Nathan, Romil, Bouteiller, J.-M., Song, D., Lazzi, G., Berger, T.W. (2016). A model of 
axonal branching for medium and long-range fibers in a multi-scale model of hippocampal tissue. 
Neuroscience 2016 Abstracts. San Diego, CA: Society for Neuroscience, 2016. Online. 

[5] Hendrickson, P. J., Bingham, C., Song, D., & Berger, T. W. (2016). A bi-directional communication 
paradigm between parallel NEURON and an external non-neuron process. In Engineering in Medicine 
and Biology Society (EMBC), 2016 IEEE 38th Annual International Conference of the (pp. 1413-1416). 
IEEE. 

[6] Gilbert, A., Loizos, K., Yu, G., Hendrickson, P., Berger, T.W., Lazzi, G. (2016). An analysis of ephaptic 
effects within a multi-scale model of the hippocampus. IEEE International Symposium on Antennas and 
Propagation and URSI National Radio Science Meeting, Fajardo, Puerto Rico. Accepted March 2016. 

[7] Gilbert, A., Loizos, K., Lazzi, G. (2016). A 3D computational model for analyzing the effect of ephaptic 
coupling on neural stimulation.” URSI National Radio Science Meeting, Boulder, CO, Jan. 2016. 

[8] Hendrickson, P., Loizos, K., Gilbert, A., Song, D., Lazzi, G., Berger, T.W. (2016). A closed-loop multi-
scale simulation paradigm for accurate modeling of electrical stimulation in hippocampus. Society for 
Neuroscience Annual Meeting, San Diego, CA, Nov. 2016. 

[9] Loizos, K., Gilbert, A., Lazzi, G. (2016). Towards a closed-loop multi-scale simulation strategy for 
accurate modeling of hippocampal electrical stimulation. 39th Annual Int’l Conference of the IEEE 
Engineering in Medicine and Biology Society, Orlando, Fl, Submitted April 2016. 



 [10] Xu, H., Weltman, A., Hsiao, M.-C., Scholten, K., Meng, E., Berger, T. W., & Song, D. (2016). A flexible 
parylene probe for in vivo recordings from multiple subregions of the rat hippocampus. In 2016 38th 
Annual International Conference of the IEEE Engineering in Medicine and Biology Society (EMBC) (pp. 
2806–2809). IEEE. http://doi.org/10.1109/EMBC.2016.7591313 

[11] Cline, J., Bingham, C.S., Loizos, K., Yu, G., Hendrickson, P., Bouteiller, J.M., Berger, T., Lazzi, G. 
(2015). Estimation of initiated local field potential by neurons in heterogeneous tissue environment 
using admittance method. IEEE USNC-URSI, (1), 7817. http://doi.org/10.1109/USNC-URSI.2015.7303594 

 [12] Bingham, C.S., Loizos, K., Guo, Y., Yu, G., Hendrickson, P.J., Bouteiller, J.-M., Lazzi, G., Berger, T.W. 
(2015). Multi-scale simulation of extracellular electrode stimulation in the dentate gyrus. Program No. 
372.12. Neuroscience 2015 Abstracts. Chicago, IL: Society for Neuroscience, 2015. Online. 

[13] Loizos, K., Cline, J., Yu, G., Bingham, C.S., Hendrickson, P., Lazzi, G., Berger, T.W. (2015). 
Computational study of local field potential in a heterogeneous 3D model of rat hippocampus. Society 
for Neuroscience Annual Meeting, Chicago, Il, Oct. 2015. 

[14] Gilbert, A., Loizos, K., Yu, G., Hendrickson, P., Lazzi, G., Berger, T.W. (2015). Optimizing electrode 
placement using a multiscale model of the hippocampus. IEEE International Symposium on Antennas 
and Propagation and URSI National Radio Science Meeting, Vancouver, Canada, July 2015. 

[15] Gilbert, A., Loizos, K., RamRakhyani, A., Hendrickson, P., Berger, T.W., Lazzi, G. (2015). A 3D 
admittance-Level computational model of a rat hippocampus for improving prosthetic design. 37th 
Annual Int’l Conference of the IEEE Engineering in Medicine and Biology Society, Milan, Italy, Aug. 2015. 

 [16] Loizos, K., RamRakhyani, G., Lazzi, G. (2015). Simulation study for estimating effective resistivity in 
heterogeneous neural tissues. IEEE International Symposium on Antennas and Propagation and URSI 
National Radio Science Meeting, Vancouver, Canada, July 2015.  

[17] Xu, H., Weltman, A., Hsiao, M.-C., Scholten, K., Meng, E., Berger, T. W., & Song, D. (2015). Design of 
a flexible parylene-based multi-electrode array for multi-region recording from the rat hippocampus. In 
2015 37th Annual International Conference of the IEEE Engineering in Medicine and Biology Society 
(EMBC) (pp. 7139–7142). IEEE. http://doi.org/10.1109/EMBC.2015.7320038 

[18] Xu, H., Hsiao, M.-C., Song, D., & Berger, T. W. (2014). Recording place cells from multiple sub-
regions of the rat hippocampus with a customized micro-electrode array. In 2014 36th Annual 
International Conference of the IEEE Engineering in Medicine and Biology Society (pp. 4876–4879). IEEE. 
http://doi.org/10.1109/EMBC.2014.6944716 

[19] Soussou, W., Gholmieh, G., Han, M., Ahuja, A., Song, D., Hsiao, M., … Berger, T. W. (2006). Mapping 
spatio-temporal electrophysiological activity in hippocampal slices with conformal planar multi-
electrode arrays. Advances in Network Electrophysiology - Using Multi-Electrode Arrays, (4), 127–152. 
http://doi.org/10.1007/0-387-25858-2_6 

[20] Gholmieh, G., Soussou, W., Han, M., Ahuja, A., Hsiao, M. C., Song, D., … Berger, T. W. (2006). 
Custom-designed high-density conformal planar multielectrode arrays for brain slice electrophysiology. 
Journal of Neuroscience Methods, 152(1–2), 116–129. http://doi.org/10.1016/j.jneumeth.2005.08.021 



[21] Hu, E. Y., Bouteiller J-M. C., Song D., Baudry M., Berger T. W., Volterra representation enables 
modeling of complex synaptic nonlinear dynamics in large-scale simulations, Frontiers in Computational 
Neuroscience, vol. 9, 2015; DOI: 10.3389/fncom.2015.00112 
 
[22] Hu, E. Y., Mergenthal A., Bingham C. S., Song, D. Bouteiller J-M. C., Berger T. W., A Glutamatergic 
Spine Model to Enable Multi-Scale Modeling of Nonlinear Calcium Dynamics , Frontiers in Computational 
Neuroscience, vol. 12, 2018, DOI: 10.3389/fncom.2018.00058     


