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SUMMARY 

There is a growing trend towards personalization of medical 

care, as evidenced by the latest developments in CT and MR 

imaging, personalized treatment planning in a variety of 

surgical disciplines and the development of more suitable 

implantable devices. To support this trend, the biomedical 

engineer becomes increasingly important for the development 

of diagnostic tools, implants and devices, computer assisted 

surgery and virtual process simulations. 

We will describe the use of 3D medical image information of 

individual patients and selected patient populations, combined 

with CAE tools and processes, in the rapid product 

development of custom and standard implantable devices. The 

combination of medical image information with CAE methods 

such as FEA or CFD and Forward Engineering allows the 

engineer to develop implantable devices faster and better; the 

design can be optimized according to the outcome of the 

simulation, using virtual instead of mechanical prototype 

testing. This will significantly reduce the time to market and is 

expected to become common practice in the near future, when 

CAE methods are valued and accepted by the medical 

community. 

Case studies from leading biomedical research institutes as 

well as medical device manufacturers will be demonstrated in 

the field of orthopaedic, craniomaxillofacial and 

cardiovascular surgery. 

 

INTRODUCTION 

There is a growing trend towards the personalization of patient 

care. Personalized treatment planning is adopted ever more in 

a variety of surgical disciplines, including orthopaedics, CMF 

and cardiovascular. The use of 3D medical image information, 

combined with computer aided engineering tools and 

processes is vital for the rapid product development of custom 

and standard implantable devices [1,2]. Patient-specific 

implants and guides significantly reduce surgery time. 

Herein we describe the use of novel techniques to achieve a 

virtual process flow from patient image data to implant design 

and analysis, shortening the product development cycle.  

 

METHODS 

Image processing 
Medical images, stored in DICOM format are imported in 

Mimics (Materialise NV). The segmentation tools and 

advanced interpolation algorithms of Mimics allow the user to 

create accurate 3D models starting from medical images [3]. 

Image-based design 

The 3D model is transferred as an STL to 3-matic (Materialise 

NV) for design operations. This software allows the use of 

CAD-tools directly on STL files, the so called ‘digital’ CAD. 

It is also possible to combine both image-based STL data, with 

e.g. IGES files coming from major CAD packages. 

Preparing image data for FEA/CFD 
To enable export to a finite element package, the triangulated 

surface mesh of the STL needs to be optimized and a volume 

mesh generated. This can also be done in 3-matic. 

Furthermore, Mimics can assign material properties to the 

volume elements, based on the image gray values and export 

the model to any common FEA/CFD package. The whole 

workflow is shown in Figure 1. 

 
Figure 1:  Workflow from image data to FEA model; (A) the 

original image data, (B) segmentation, (C) 3D model, (D) 

optimized mesh, (E) material assignment, based on the gray 

values in (A). 

 

RESULTS AND DISCUSSION 

The STL file resulting from the segmentation immediately 

serves as a basis for design. As a result, implants and surgical 

guides designed in this way fit perfectly on patient anatomy. 

An example is shown in Figure 2. Based on a segmentation 

from a skull with a traumatic defect, it is possible to design a 

customized cranioplate. Hence there is no need to remodel a 

generic plate inter-operatively.  

 

 
Figure 2:  Steps to design a custom cranioplate; (A) image-

based 3D model, (B) indicating the outer contour of the defect 

and a guiding curve, (C) final plate 
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The design of a cranioplate is automated in 3-matic, 

accounting for an even faster design cycle. In order to assess 

performance of the designed device pre-operatively and 

virtually, one can perform FEA/CFD. Figure 3 shows the 

results of a blood flow analysis through a stented and 

unstented artery with an aneurysm, in an attempt to decide on 

the best treatment strategy. FEA/CFD results can also help in 

finetuning the design of an implant for optimal function. 

 

 

Figure 3:  Comparison of wall stress and flow velocity in a 

stented and unstented aneurysm; (A) and (B) show wall stress 

reduction due to stenting, (C) and (D) show that the stent 

prohibits turbulent flow into the aneurysm, guiding the blood 

through the artery 

 

 

CONCLUSIONS 

The STL file format fits the need to describe complex 

anatomical shapes, so during the whole process flow, no 

reverse engineering is needed,  which saves a lot of time. It 

also assures the accuracy of the complex free-form shapes is 

kept. Being an entirely virtual product development cycle also 

helps in time-saving, by eliminating prototype testing. 

Custom implants are more functional and esthetical than 

generic implants and because they fit immediately, anesthesia 

and eventually surgery time is reduced, all to the benefit of the 

patient. 
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