
8th Conference on Industrial Computed Tomography, Wels, Austria (iCT 2018) 

www.3dct.at  1 

Approach for using ct data in product development processes 

Dirk Hofmann, Philipp Sembdner, Stefan Holtzhausen, Ralph Stelzer 

Department of Mechanical Engineering, Institute of Machine Elements and Machine Design,  
Dresden University of Technology, 01062 Dresden, Germany 

e-mail: {dirk.hofmann, philipp.sembdner, stefan.holtzhausen, ralph.stelzer}@tu-dresden.de 

Abstract 
The following article illustrates an approach to use CT data in product development processes. In this procedure, geometric-
mathematical information is derived from the CT data in order to use it for modelling-based task settings. This approach is based 
on the existing voxel volume. On this basis, different forms of representation are generated and utilised to solve for technical 
problems. For this purpose, it should be possible for the design engineer to carry out all the steps necessary for the upcoming 
tasks in his familiar working environment, the modelling tool (e.g. CAD - SolidWorks). This approach is presented using an 
example from a medical context. Based on a CT dataset, an individual implant shall be created, which is to be fabricated with 
the help of additive manufacturing procedures. 
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Motivation 
In recent years, computed tomography (CT) has become an integral part of the quality assurance measures in the product pro-
duction process [1, 2]. The integration of this technology is also becoming increasingly important in product development. Par-
ticularly in the subsequent testing of additively manufactured components, the data of this CT technology is increasingly becom-
ing a central element [3, 4]. Based on the knowledge gained this way, the design modification of a component can be adapted in 
order to guarantee a nearly faultless production. 
However, this and other examples [5, 6] show that there are currently too many deficits to be able to use this data quickly and 
specifically in product development. In addition to numerous processing steps, several programs must be used to obtain a 3D 
model representation in the form of discrete polygon data [5]. However, this isosurface representation cannot be used directly in 
the common modelling tools (e.g. CAD - SolidWorks). Therefore, there is a lack of an end-to-end approach, which is supported 
by suitable tools for the processing of CT data in the design engineer's work environment (modelling tool). In addition, it should 
be possible to use the different representations (voxel volume, isosurface, CAD geometry) and information (meta data), which 
can be generated via the CT data, in order to better deal with the given problems. A hybrid presentation of different forms can 
be a possibility. 

Existing process 
The procedure used in practice (see Figure 1) generates isosurfaces (triangle representation) for a discrete model description 
derived from a stack of CT data images (voxel representation) using gray value-based extraction. Due to the different complex-
ities of the models (free-form, undercuts, etc.) and the resulting irregularities in the triangle surface (e.g. gaps, overlaps, misori-
entations) a polygon data processing is carried out in order to achieve a homogeneous, error-free mesh. This allows, among other 
things, the processing of problems in the field of dimensional metrology. However, in reference to carry out design (CAD) or 
numerical investigations (FEM, CFD) in product development, models with continuously defined surfaces such as NURBS are 
necessary. Triangle representations can only be used with additional effort in the CAx environment [7]. In order to achieve this, 
a surface reconstruction must be carried out. The individual polygon surfaces are divided into ideally equal patches. The NURBS 
surface is then generated from this patch. Depending on the size of the model and the existing consistency (C0, C1, and C2-
continuous), this process can take a long time and contain inaccuracies, as the resulting areas are approximated to the original 
grid. The result is a CAD solid model that forms the basis for further processing such as design or simulation [8, 9]. 
The time and effort required for this depends on the available resources (e.g. software, computing performance, user experience) 
as well as on the shape and complexity of the element. Various commercial solutions for the processing of CT data (Volume 
Graphics, etc.) as well as solutions for mesh processing of polygon data and surface reconstruction (e. g. Polyworks, Geomagic 
DesignX) are available for the execution of this process chain [10, 11, 12]. 
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Figure 1: Existing transformation process between forms of representation and engineering design. Estimated data sizes and processing times 
are given using the illustrated example. 

The disadvantage of this approach, apart from the numerous processing steps (see Figure 1) and a conversion into the respective 
representation forms, is the associated loss of information (e.g. material information) and accuracy (e.g. global threshold value 
setting). This can be further enhanced by using several software tools. In the same way, all CT layer images of the volume data 
must be imported in this procedure to convert the data into a discrete surface description form. Depending on the properties (e.g. 
size, resolution, bit color depth) and the quality (e.g. artifacts) of the CT data, this step can be very computationally intensive 
and time-consuming. 

CT data in product development Applications (CTinA) 
As a result of the explained deficits, the scientific approach is as follows to develop a consistent approach to use CT data directly 
in the product development processes. Specifically, this process is to be carried out from the product developer's working envi-
ronment and supported by suitable tools. In order to be able to work as efficiently as possible in terms of time and resources, the 
basis of this procedure should be the use of the original CT image stack (voxel volume). To do this, individual layered images 
or areas (ROI - Region-of-Interest) are used to derive further information from the voxel volume. The basis for this interface is 
the concept CTinA (CT data in product development Applications), a modular application that implements a connection between 
the CT- and the CAx-environment (see Figure 2). 

 

Figure 2: Concept of CT data in product development Applications (CTinA) 
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The method of operation is carried out using a specified number of queries from the CAx system, which are defined by the user 
on the basis on existing layered image and can be created with the given tools. CTinA serves as an interface and creates a derived 
representation of the CT data out of the voxel volume in response. Initially, these are intensity values of the voxel data, which 
can be generated in other forms of representation e.g. sectional image, isosurface model (see Figure 3) or an edge contour. 
 

 
Figure 3: Exemplary forms of representation that can derived from CT data 

Legend: Original data (non cursive), Derived Data (cursive) 

 
Which form of representation will be transmitted in the CAx system depends on the user's choice and the dimension of the query. 
Table 1 shows extracts of an overview how queries and thier replies could look like. 
 

Dimenison Query Reply Remark 
1D point Intensity value  Gray scale intensity of a voxel 

…   
2D plane One layered image or one sectional image Set of intensity values on a plane 

…   
3D cuboid Region-of-Interest (f.e. several layered images 

of an ROI, Isosurface)  
Set of intensity values in space – voxel volume 

…   

Table 1: Extracts of queries and its replies between the CAx- and CT-environment 

Technically, CTinA is made up of individual modules that fall back on libraries developed by the Chair of Engineering De-
sign/CAD at Dresden, University of Technology. The structure of CTinA can be divided into three areas (basics, interfaces, 
visualisation). In order to visualise and use the respective forms of representation (individually or on the basis of common refer-
encing in a hybrid representation) the concept has a 3D model viewer. For the processing of CT data as well as image data 
specific functions that build on a shared library are provided. Furthermore, interface functions support the tools in the respective 
CAx systems. Both interface areas are connected via methods for describing geometric elements or shapes (see Figure 4). 
 

 

Figure 4: Software implementation of CTinA 
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In summary, it is possible for the design engineer to create as many references as needed for the task by selecting the desired 
representation form of the CT data. Ultimately, the final design can be carried out completely. In doing so, the design engineer 
uses the available functions from the command manager of the CAx systems to obtain the desired geometric information without 
first creating a complete 3D isosurface model. 

Design of an individual mandibular implant for additive manufacturing 
The example describes the modelling of a patient-specific mandibular implant model, which is to be fabricated additively. Com-
parable examples follow the procedure from the state of the art. That signifies the derivation of an STL model (triangle repre-
sentation) by means of a gray value-based surface extraction from the CT data. In order to design the implant further software 
tools are used step-by-step in the context of product development [13, 14]. 
The goal of the concept is to design this implant in SolidWorks (version 2016 SP5.0) a CAD modelling tool using and deriving 
given boundary conditions. To this end, the 3D model of the mandible was first planned by a surgeon specialised in the oral and 
maxillofacial surgery area (OMS), who normally also carries out diagnostics and subsequent surgery on the patient. “Kontito”, 
a CAS (Computer-aided surgery) planning tool was used for this purpose [15]. To create an exact model of the implant on the 
basis of the existing geometry, the following geometric elements were defined as boundary conditions (e.g. section planes, tooth 
templates) (see Figure 5):  I-1 (I-2): two cutting planes limiting the area to be resected 

 R-1: one plane defining the height of the tooth plane 

 R-2: one spline reflecting the arch of the mandible 

 F-1: four cylinders characterising the position and size of the fastening screws 

 F-2: two cylinders representing the dental implants to be integrated (size according to manufacturer‘s specifications) 

 
 

(a) (b) 
Figure 5: a) User interface of “Kontito“ and description of the mandibular; b) Planning of boundary conditions at the 3D model 

 
Figure 5 shows the discrete 3D model of the mandible with the defined geometrical elements. The 3D model was created by 
simple threshold segmentation using Marching Cubes algorithm from the CT data [16]. It is not necessary to further refine the 
model for planning or designing. Thus, existing artifacts (see Figure 5a) are clearly visible at tooth level due to dental restorations. 
Since the application of the process chain is described in this article, it is no longer necessary to prepare the model in the context 
of a complex and thus time-consuming segmentation. In the further course of the project model post-processing and the complete 
3D model will not be used. Only some areas of the isosurfaces are generated and displayed in the modelling tool to support the 
modelling process. Additonally geometric elements and defined sectional images are selected. Table 2 shows in detail which 
information is providing in the modelling tool via the interface. 
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ID Type Number of 
types 

Description Application in modelling tool 

I-1 Sectional  
images 

2 Cutting area of 
the mandibular 

Contour generation in the edge area 

I-2 Sectional  
images 

2 Offset-sectional 
images to the 
cutting planes 
(I-1) 

For interpolation of non-existent model information 

R-1 Reference 
plane 

1 Tooth plane Application for model limitation 

R-2 Spline 1 Mandibular arch Use as a guide curve for model creation 
F-1 Cylinder optional, in 

example 4 
Screw For modelling the fastening area 

S-1 Isosurface 2 Surface in the 
overlapping area 

For modelling a contour-faithful support and attachment to the 
residual bone 

F-2 Cylinder optional, in 
example 2 

Dental implant For modelling corresponding images in the individual mandib-
ular implant model 

Table 2: Overview of transmitted elements for design in the modelling tool  
(Legend: I=Image, R=Reference, F=Feature, S=Surface) 

 
The application of the transferred information from the CT data and planning for modelling is described below. First, the basic 
implant body is designed. For this purpose, the sectional images in the intersection area (I-1) and offset area (I-2), the reference 
plane (R-1) and the spline (R-2) are transferred (see Figure 6). 
 

 

 

Figure 6: left) Design steps in SolidWorks; right) Description of boundary conditions at the designed implant model 

 
On the sectional images (I-1, I-2) visualised in the modelling tool, a sketch is subsequently created in the form of a spline along 
the outer contour of the recognisable bone (cortex, outer bone shape). As in the example above, this can be done manually or 
(partially) automated by using suitable image filters and edge detection algorithms [17]. These sketches represent the (edge) 
contours of the implant model in the area to be reconstructed. That step is carried out by means of functions of the modelling 
tool like a lofted surface. It is also possible to scale the contours of the implant in order to change the overall size of the implant 
or to prepare it to be manufactured in a later step. The spline (R-2), which represents the mandibular arch, can be used as a 
guiding curve for the freeform shape of the mandible. However, it is also possible to approximate the missing geometry using 
the offset contours as a support, e.g. the use of additional layered images to approximate missing areas on the basis of the CT 
data set [9, 18]. The SolidWorks function "Lofted Boss/Base" is used as an example for the discharge as a solid body. The model 
is then trimmed in height by means of the tooth plane (R-1). This is followed by the modelling of the fixing lugs (see Figure 7a). 
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(a) (b) 
Figure 7: a) Creation of the fixing lugs; b) Design of brackets for dental implants 

 
The isosurfaces (S-1) are required for this purpose. These are machined on the mesh structure using functions of the modelling 
tool and are then reconstructed to a continuous surface. Using SolidWorks as an example, this is achieved with the additional 
application "ScanTo3D". Since the surfaces are only a limited area compared to the entire mandibular model, this step is normally 
possible without any problems. With the help of the surfaces it is now possible to create a contour-identical mounting strap with 
the tools of the modelling tool. Furthermore, by using the cylinders for the screws (F-1), the corresponding holes in the lugs are 
provided for connection to the residual bones (lower back bone). The integration of additional functions such as dental implants 
completes the modelling process. For this case, support elements are designed using the cylinder features (F-2). Figure 7b shows 
this procedure. 

Summary 
In this article, an alternative approach to use CT data in product development processes was shown which differs from the current 
state of the art. For this purpose, the voxel volume was used on the basis of which all data and information can be specifically 
derived without first transferring the complete data set into a discrete triangle representation. One focal point is the use and the 
processing of data from the design engineer's modelling tool and thus from his familiar working environment. This approach 
was illustrated using an interdisciplinary example from the medical area, in which information from a planning tool used by the 
surgeon is generated based on the patients’ CT data. These boundary conditions and other conditions can be generated on the 
basis of the presented approach. 
Finaly this approach has the following advantages in contrast to the state of the art process:  Less high system requirements 

 Less time consumption 

 Working in the designer's environment 

 All functions of the modelling tool can be directly used 

 More accuracy 

 Work with the original data 

 Using additional informations (e.g. meta data, material informations) 
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