





    
      Skip to main content
    

        
      
    
  
    
  
        
            
        [image: bioRxiv]      

                

          



  
    
  
                
    
      	Home
	About
	Submit
	ALERTS / RSS

    

  



  
                
    
      
  
    
  
      
  
  
    
  Search for this keyword 
 







  


  
  



  
      
  
  
    Advanced Search  


  
  



  



    

  


  


  

  
  
  	      

    
      
    
      
        
    
  
    
                        
  
                
    
      
	  
  
		
		
			
			  
  
      
  
  
    

      
        New Results    
  
        Universal guide for skull extraction and custom-fitting of implants to continuous and discontinuous skulls
  
       View ORCID ProfileZurna Ahmed, Naubahar Agha, Attila Trunk,  View ORCID ProfileMichael Berger,  View ORCID ProfileAlexander Gail

  
      doi: https://doi.org/10.1101/2022.01.22.475298 

  
  
  

Zurna Ahmed 
1Cognitive Neuroscience Laboratory, German Primate Center, Göttingen, Germany
2Faculty of Biology and Psychology, University of Göttingen, Göttingen, Germany

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Zurna Ahmed
	For correspondence: 
zahmed@dpz.eu


Naubahar Agha 
1Cognitive Neuroscience Laboratory, German Primate Center, Göttingen, Germany

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Attila Trunk 
1Cognitive Neuroscience Laboratory, German Primate Center, Göttingen, Germany

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Michael Berger 
4Laboratory of Neural Systems, The Rockefeller University, New York, USA

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Michael Berger


Alexander Gail 
1Cognitive Neuroscience Laboratory, German Primate Center, Göttingen, Germany
2Faculty of Biology and Psychology, University of Göttingen, Göttingen, Germany
3Bernstein Center for Computational Neuroscience, Göttingen, Germany

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Alexander Gail




  


  
  



  
      
  
  
    	Abstract
	Full Text
	Info/History
	Metrics
	Data/Code
	 Preview PDF


  


  
  



  
      
  
  
    [image: Loading]

  
    
  
      
  
  
    Abstract
Intracranial neurophysiological recordings require chronic implants to provide transcranial access to the brain. Especially in larger animals, which participate in experiments over extended periods of time, implants should match the skull curvature to promote osseointegration and avoid tissue and bacterial ingress over time. Proposed CAD methods for designing implants to date have focused on naïve animals with continuous and even skull surfaces and calculate Boolean differences between implant and skull surface to fit the implant to the skull curvature. However, custom-fitting by calculating the difference fails, if a discontinuous skull surface needs to be matched. Also, the difference method does not allow designs with constant material thickness along the skull curvature, e.g. to allow fixed screw lengths. We present a universal step-by-step guide for custom-fitting implants which overcomes these limitations. It is suited for unusual skull conditions, like surface discontinuities or irregularities and includes virtual bending as a process to match skull surfaces while maintaining implant thickness. We demonstrate its applicability for a wide spectrum of scenarios, ranging from complex-shaped single-pieced implants to detailed multi-component implant systems built on even or discontinuous skull. The guide uses only a few software tools and the final virtual product can be manufactured using CNC milling or 3D printing. A detailed description of this process is available on GitHub including step-by-step video instructions suitable for users without any prior knowledge in CAD programming. We report the experience with these implants over several years in 11 rhesus monkeys.
Significance Statement Chronic implants are essential for intracranial neurophysiological recordings. In this study we show how to custom-design and –fit such implants for rhesus monkeys (Macacca mulatta). Different to existing approaches, our procedure is not limited to even skull surfaces but can be applied to discontinuous or irregular surfaces. It furthermore presents a description of virtual implant bending to match the skull curvature while maintaining implant thickness. The final virtual product can be manufactured using CNC milling or 3D printing. In contrast to previous studies, this guide is suited for users without any prior expertise in CAD programming using our step-by-step video instructions.
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