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Abstract— The most interesting and challenging applications
of rapid prototyping technologies are in the field of medicine. RP
medical models have found application for planning treatment for
complex surgery procedures, training, surgical simulation,
diagnosis, design and manufacturing of implants as well as medical
tools. This paper explores and presents the procedure for making
medical models using RP, medical rapid prototyping technologies
application in different fields of medicine and the future trends in
this area.
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INTRODUCTION

The Basic Process
Although several rapid prototyping techniques exist, all
employ the same basic five-step process. The steps are:


Create a CAD model of the design



Convert the CAD model to STL format



Slice the STL file into thin cross-sectional layers



Construct the model one layer atop another



Clean and finish the model

CAD Model Creation: First, the object to be built is modeled using a
Computer-Aided Design (CAD) software package. The designer can
use a pre-existing CAD file or may wish to create one expressly for
prototyping purposes.

Prostheses and implants
Previously, hip replacements and other similar surgeries
were carried out using standard sized replacement parts selected from
a range provided by manufacturers based on anthropomorphic data.
This works satisfactorily for some types of procedures, but not all, and
not all cases of any given procedure. There are always patients outside
the standard range, between sizes, or with special requirements caused
by disease or genetics. Rapid prototyping makes it possible to
manufacture a custom prosthesis that precisely fits a patient at
reasonable cost.
Surgical Planning and Scientific Applications
Rapid prototyping is being used by surgeons, to plan and
explain complex operations, especially craniofacial and maxillofacial
surgeries. There's no substitute for practicing on a precise model to
educate the hands and determine the course of progress of a
complicated operation. Stereo lithography is often the rapid
prototyping method of choice for such applications. The transparency
of the model and recent developments in color resins allow distinct
visualization of tumors or other anomalies within the surrounding
tissue or bone. Surgeons aren't the only people interested in bones.
Anthropologists, paleontologists and forensic specialists are, too.
Rapid Prototyping and the related technologies have enabled these
scientists to put a recognizable face on skeletons, share precise replicas
of rare finds and build museum exhibits.
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Conversion to STL Format: The various CAD packages use a
number of different algorithms to represent solid objects. To establish
consistency, the STL (stereo lithography, the first RP technique)
format has been adopted as the standard of the rapid prototyping
industry. The second step, therefore, is to convert the CAD file into
STL format..
Slice the STL File: In the third step, a pre-processing program
prepares the STL file to be built. Several programs are available, and
most allow the user to adjust the size, location and orientation of the
model. The pre-processing software slices the STL model into a
number of layers from 0.01 mm to 0.7 mm thick, depending on the
build technique. The program may also generate an auxiliary structure
to support the model during the build. Supports are useful for delicate
features such as overhangs, internal cavities, and thin-walled sections.
Layer-by-Layer Construction: The fourth step is the actual
construction of the part. Using one of several techniques. Rapid
Prototyping machines build one layer at a time from polymers, paper,
or powdered metal. Most machines are fairly autonomous, needing
little human intervention.

A.

Clean and Finish: The final step is post-processing. This
involves removing the prototype from the machine and
detaching any supports. Some photosensitive materials need to
be fully cured before use. Prototypes may also require minor
cleaning and surface treatment. Sanding, sealing, and/or
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painting the model will improve its appearance and durability.

B.

Example of an of rapid prototyping in medicine

C.

Creation of 3d skull model from application various CT images

Rapid Prototyping Manufacturing
Rapid Prototyping is a relatively new technique to rapidly
produce solid 3-D objects of complex shapes directly from CAD files.
Rapid Prototyping constructs solid physical models from 3D computer
data by the addition of layers of material .The techniques provide ways
for making a variety of complex shaped parts, which are difficult,
costly or sometimes impossible to make by conventional methods of
material removal.
The selection of a particular process will depend on the medical model
application. Some of the most commonly available systems are: Fused
Deposition Modeling (FDM), Stereolithography (SLA) , Selective
Laser Sintering (SLS), Sanders Prototyping Technology and Z
Corporation Fabrication Machine.
Rapid Prototyping Technology and Surgery
Given the visualization provided by sophisticated software
packages, the fabrication of physical models may at first seem
superfluous; however, this is not the case, as the depiction of a 3D
volume on a 2D screen does not provide surgeons with a complete
understanding of the patient’s anatomy. The use of 2D or pseudo-3D
electronics display systems can be augmented by overlaying images,
graphics, text, and so on to aid the user as training guidance. However,
current implementations do not feel natural or intuitive. Surgeons must
learn to interpret screen displays, particularly when extracting 3D
information from them.

to the bone can be demonstrated to the patients in a clear manner, so
that they may evaluate the reconstruction options presented to them.
3D models are useful for diagnostic and treatment
planning, more so, in cases of complex surgical procedures. This
reduces the risk to the patient owing to the shortened time of surgical
procedures and is less expensive than the alternatives. A physical
model derived from CT or MRI data can be held and felt, offering
surgeons a direct, intuitive understanding of complex anatomical
details, which cannot be obtained from imaging on the screen.
Allowing surgical dry runs as well as marking out the vital areas to be
avoided and predicting complications that might arise. Hence it
increases the surgeon’s confidence in the operation, and reduces the
search time for the correct entry of surgical tools. This will allow a
surgeon, from the outset, to know what to expect when a certain
surgical route is adopted. Thus it reduces the duration of the procedure
and greatly reduces the risk of infection and the problems of
uncertainty.
As shown in Figure below, a 3D model is reconstructed by
multiple 2D images. A series of transverse section ultrasound images
are obtained from the scanned data in a slice-by-slice manner for image
processing. The preprocessed image then undergoes an edge detection
procedure to formulate the 2D contours of the prostate. Relations are
set across the slices and the wire mesh of a 3D model is formed.
Lighting effects and color textures are then added to give the 3D model
solidarity. Picture below shows the overview of imaging pipeline used
for reconstructing a prostate 3D model

It is therefore, clear that several visualization issues are addressed but
not yet resolved by virtual computer models:






2D screen displays do not provide an intuitive representation
of 3D geometry.
Unusual or deformed bone geometry may be hard to
comprehend on-screen.
The integration of multiple bone fragments is hard to
visualize
Planning of complex 3D manipulation on the basis of 2D
images is difficult.

This provides the motivation for the construction of physical
models of bones. The use of rapid prototyping for 3D physical models
simplifies communication between surgeons, nurses and even
immediate family of the patients. For example the extent of the damage
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Application: A Case Study.
In order to evaluate the application of rapid prototyping
technology in medical situation, a skull of a child diagnosed as having
craniosyntosis is chosen. All scans were transverse. Image
segmentation was performed using tools from the Materialize software
package and the Desk Artes CAD modeling software was used to
design the femur implants. The Materialize package has two modules.
CTM,MIMICS

CTM: CTM is a software suite that interpolates the medical slice in
very thin layers, and interfaces directly with most RP systems. Two
techniques are used to increase the resolution of the contour.
1.

Bilinear interpolation, which increases the in-plate
resolution of the contours by a factor of up to 100.

2.

Cubic spline convolution, which decreases the effective
slice thickness of the data set. Slice thickness of 1 to 3
mm are very common for the input images, whereas the
slice thickness used on the RP machines is normally less
than 0.25 mm.

Before performing segmentation of the anatomy, the data is
loaded into Mimics by a front-end data input software, CTconvert. This software translates the data from the CT scanner
into CT-Modeler’s own proprietary data format. The data in
Figure 2 shows data in mimics own proprietary format. The image
is processed by use of threshold value to differentiate regions of
interest. The bone can be separated from soft tissue by setting a
fixed threshold value. Typically, algorithms evaluate neighboring
voxels to determine whether the differences in their intensities are
within specific threshold values. An area of interest is selected by
defining sets of voxels whose intensity is above the selected
thresholds. Culling of the ‘unnecessary’ parts or unwanted noise
is achieved with sophisticated dimensional selection and editing
tools

PROCESS FOR CREATION OF 3D HUMAN SKULL FROM
VARIOUS CT IMAGES:
1. Open your ct image into the software
2. Segment the bone tissue and create the 3d mesh model
3. Export to STL and other 3d formats
4.3d models are used for surgical planning, surgical simulation,
reconstruction, rapid prototyping
5. The picture shown above shows the skull model creates a software and
printed using a 3d printer from the STL file generated by the software

Figure 2 : CT data of a skull in Mimics’ own proprietary format (mpj
format)

Once visualized, the file was interfaced with CTM. CTM uses a
higher-order interpolation mathematical algorithm to interpolate the medical
slices in every layer generating vertices and triangular surfaces from the 3D
models. CTM generates a high-resolution contour model suitable for rapid
prototyping machine.
Figure 1 : Flowchart diagram on the conversion of
scanned data to physical 3D model
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The format is specific and dependent on the RP system. In this case the
STL format was chosen.
There are two options of interfacing CTM to Rapid
Prototyping system as illustrated in Figure 3. Approach A interfaces
CTM directly to the Rapid Prototyping system. In approach B the STL
is first imported into a CAD environment, which allows for further
manipulation, triangulation correction and designs of medical devices.
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