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Abstract— This article focuses on overview of Rapid
prototyping application in Medical Science. Study covers
briefing about rapid prototyping along with the medical
model preparation and various techniques used in Rapid
prototyping. This article covers medical application of
rapid prototyping in field of prosthetics and implantation,
simulating and planning surgery, tissue engineering,
developing medical devices and instrumentation,
anthropology, forensic and medical teaching aids. The
findings of article are based on case studies and article
beneficial to application engineers and medical
practitioners.
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.  INTRODUCTION
Rapid Prototyping can be defined as group of teqpes
used to quickly fabricate a prototype of modeldquired
scale using a three dimensional computer aidedgdesi
data [1]. Rapid Prototyping deals with layer byday
material deposition technology. Rapid Prototyphighly
promising advanced technology that has the pofetttia
change fundamentally in some of the regions in padi
science [2]. The process involves building of ptypes
or functioning models in very short time, which cae
used for certain design feature testing, analysid a
verification of ideas [3]. Rapid Prototyping is ydrelpful
in the field of medicine, as this technology canused to
directly fabricate model of various complex shaped
anatomical parts directly from scanned data such as
computerized tomography (CT) images. The models
prepared from RP can be used for many applications
medical field. Such as presurgical planning and for
assistance in the intensive planning of surgical
procedures. The prototypes can also be used bgmusg
and medical students to rehearse different surgical
procedure realistically [4]. RP products can alsoulsed
for manufacturing of custom prosthesis, implantsgial
devices and also functions as a communication tool
between surgeons and patients. The RP technigtiartha
commercially available are Stereolithography (SLA),
Selective Laser Sintering (SLS), Laminated Object
Manufacturing (LOM), Fused Deposition Modeling
(FDM), and Three-Dimensional Printing (3DP) [1].The
common procedure followed in medical model
prototyping starts with virtual phase in which a @As
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prepared by using medical imaging data technologies
such as CT, MRI and Laser Digitizing. The data then
processed in the commercially available RP softwiare
produce a 3D virtual CAD model [5]. Nowadays, with
advancement in material technology different vagebf
materials are available. Some of the medical grade
material can be used to RP models on the basikedf t
use in different medical applications. This reviarticle
only deals with RP techniques best suited for attion

of medical prototypes and their application withsea
studies from literature where RP and associated
technology have been successfully used for medical
applications.

Il. MEDICAL MODEL PRODUCTION
The steps involved in production of 3D medical mode
using RP processes are as follows

1. 3D digital image

2. Data transfer, processing and segmentation

3. Design Evaluation

4. RP medical model production

5. RP medical model validation
1. 3D DIGITAL IMAGE
Data creation for digital image for medical model i
created using the data directly imported from CTVitI
or Laser Digitizing techniques used for this pugoEhe
data information taken from these techniques wdl b
highly accurate as they use a spiral technique hwhic
allows to do full volume scanning. This helps toguce
high number of slices for more accuracy. Most Ct an
MRI units have the ability to export data in comnfde
digital imaging and communication in medicine
(DICOM) [6]. Laser digitizing is technique which as
laser probe, which scans the surface of anatomy and
produces the model with only surface featured model
without any inside information. This method capture
only external surface data for examples like dental
applications. Advantage of laser digitizing is thaton'’t
emit any radiation. [4]
2. DATA TRANSFER, PROCESSING AND
SEGMENTATION
Image data acquired from MRI, CT and Laser Digitize
will be in DICOM format to be converted into standa
tessellated language format used by many of RRmsyst
The platforms used for conversion are MIMICS, 3D
Doctor and Voxim. This software converts the imdgéa
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to (STL) standard tessellated language with necgssa
segmentation of the anatomy through sophisticated 3
editing tools. This software provide various machfion
tools required for the data file like defining waus tissue
density to colour code the required region of esef4].

To achieve the high degree resolution and small
dimension of pixels demands the collaboration of RE
engineers with surgeons and radiologist who wilphe
achieve accurate 3D virtual model [6].

3. EVALUATION OF DESIGN

In this step, the good communication between theado
treating the patient and application engineer dpeyahe
RP software plays vital role. The data which corgai
unnecessary information needs to be discarded laad t
data that contains the useful should be retaindds T
eliminates the major errors and also reduces tis¢ @b
production. The design generated using RP software
needs to be processed in CAD package. In this atratu

of design, errors are also eliminated with help of
experienced doctor. The doctor have a very impbrta
role in validation of virtual model, because erran®e
caused due to misunderstanding of anatomical simict
by engineers and also because of some disturbantes
scanned images are get evaluated and eliminatetiig].
model which is processed and evaluated by doctads a
engineers is tested with the help of finite elemaethod

or analysis software like Ansys, NASTRAN etc. aatkf
3D virtual model is ready for production

4. RP MEDICAL MODEL PRODUCTION

The RP techniques have their own merits and desnerit
Depending on the requirements of end applicatidrPa
techniques is chosen. RP selection is based orepiiep
such as accuracy, surface finish, cost, visual appee
of internal structure, number of desired colorstlie
model, strength and availability of build materiaad
mechanical properties [4]. Finally, 3D model in STL
format is sent to the selected RP machine. Acguadic
model built directly depends on accuracy level of $ile
orientation and material used to build it. The pagters

of RP machine are selected and building of partssta

5. RP MEDICAL MODEL VALIDATION

After the fabrication of model, needs to be evadaiand
validated by the engineers and surgeons. If modglrto
error then it is put in actual application.

Il RAPID PROTOTYPE TECHNIQUE
STEREOLITHOGRAPHY

The term stereolithography (SLA) was first introchlidsy
Charles W. Hull in 1986, who defined it as a method
based on photo-polymerization of liquid monomerirres
for fabricating solid parts. Produced by 3D System
Corp., in Valencia, CA, the Stereolithography Apas
(SLA) has progressed through a long succession of
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models and advancements since its inception. Slasde
with building of model through the use of low poeer
UV laser for curing photosensitive liquid polym&LA
machine consists of VAT of liquid resin, movable
elevator platform and UV laser. The resin on platfas
cured selectively by UV laser and upon curing one
complete layer platform moves downwards to a di#an
of one slice. Next layer of resin is applied andecu
These steps are repeated until the part is compléte
advantages of SLA include smooth surface finish and
high part building accuracy, whereas disadvantagfes
this process involves time-consuming post procgsaimd
use of expensive and poisonous material. [4]

SELECTIVE LASER SINTERING (SLS)

SLS creates 3-D models out of a heat-fusible powder
such as polycarbonate or glass-filled compositemyby
tracing a CO2 laser beam across a platform cowertd
the powder. Heating the particles causes them rttersi
together to create a solid layer. The solid layethien
covered by powder with the help of roller mechanamdl

the next slice formed on top of it, until the olijas
completed. The same process can be performed with a
combination of metal and polymer mixture like low-
carbon steel and thermoplastic binder powder, tiaguin

a 'green state' part. The binder is then burnedirotf
furnace and the metal particles are allowed toesint
together. The resulting skeleton is subsequentijrated
with copper, resulting in a metal-composite pa2}. The
advantage of this technique is that it has abiiityuse
different types of thermoplastic powders, easy
postprocessing and the unsintered loose powder ascts
support structure. Disadvantages of this methotldiec
high costs and the abrasive surface of sinterecelaod

THREE-DIMENSIONAL PRINTING (3DP)

Binder printing methods were developed in the early
1990s, primarily at MIT. They developed the 3D firig
(3DP) process in which a binder is jetted usingtponto

a powder bed to form part cross sections. This atktth
very similar to selective laser sintering. Here taser is
replaced by an inkjet head. The "three dimensional
printers" allow designers to quickly print protogg of
required designs. The three-dimensional printingteay
receives input CAD file in STL format. The model is
sliced by using RP Slice Software. Powder is s@gptin

a flat bed and a roller spreads the powder layenlgv
Printing head as in inkjet printer, releases jétsinder to
bond powder material. The platform is lowered te on
slice thickness and the next layer is built on ghevious
layer and is continued until the part is compledme
advantage of 3DP is that, no support structureeedad.
This process is very fast and produces parts with a
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slightly rough grainy surface. Machines with diffat
colour printing capability are available.

FUSED DEPOSITION MODELING (FDM)

FDM was developed by Stratasys, Inc. of Eden Rxairi
MN, in the early 1990s as a concept modeling dethia¢

is now used more for creating casting masters aedtel
use prototyping. Fused deposition modeling (FDMaris
extrusion-based rapid prototyping (RP) processoaltjh

it works on the same layer-by layer principle aseotRP
systems. FDM uses the standard STL data file fputin
and is capable of using multiple build materials an
build/support relationship. FDM builds 3-D model# of
heated thermoplastic material, extruded througlhzle
head positioned over a computer controlled platform
which moves in x-y axis. The table is moved to attke
material until a single thin slice is formed. Thexhslice

is built over it until the object is completed. FDMilizes

a variety of build arterials, such as Polycarbonate
polypropylene and various polyesters which are more
robust than the SLA models.

LAMINATED OBJECT MANUFACTURING (LOM)
Laminated Object Manufacturing (LOM) is a rapid
prototyping (RP) technique that produces three-
dimensional models with paper, plastic, or comgssit
Helisys, Corp. in Torrance, CA developed LOM, led b
Michael Feygin. LOM is actually more of a hybrid
between subtractive and additive processes, in ttieat
models are built up with layers of material, whaote cut
individually by a laser in the shape of the cromsstisn of
the part. Hence, as layers are being added, thesgxc
material not required for that cross section imgetut
away. Plastics, composites, ceramics, metals ariduga
organic and inorganic materials with different cleah
and mechanical properties for a variety of appiocest
can be processed. LOM is well suited for compled an
large parts. The build speed is very fast, butgh iffort

is needed for decubing, finishing and sealing thtspa

V. APPLICATION
1 - IN THE FIELDS OF PROSTHETICS AND
IMPLANTATION
RP techniques are very useful in making custom
prosthetics and implants. The RP can produce psisth
to patients’ unique proportions. They are capable o
building knee joints, hip sockets, ear implantsseo
implants and spinal implants. One interesting eXan
maxillofacial prosthesis of an ear which is obtdirzy
creating a wax cast by laser sintering of plastest of
existing ear.
A patient with congenital absence of right ear was
provided with RP developed auricular prosthesise Th
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anatomical morphology of the prosthesis was dewslop
by RP method. The CT scanning was done on missing e
anatomy and contralateral ears. The tomography ésag
were developed with help of MIMCS by comparing CT
data with the contralateral normal ear on revenskero
and joining them together. A CAD model was obtained
and suitable RP system considered and produced the
prosthesis. The accuracy was checked by compariting w
CAD model. The researcher concluded that RP praduce
the high degree accuracy prosthetics. It also esatile
engineers and surgeons to produce customized pgroduc
without required sculpting skills and faster than
conventional methods [4].

2 — SIMULATION AND PLANNING OF SURGERY.

RP techniques plays important role by creating 8lds
model which can be used by surgeons to pre-opérhie.
pre-operating is necessary in difficult cases agives
surgeons an opportunity to plan a complex procedure
before actual performance. This also enables tigesuas

to study the fracture configuration and design appr
implant according to bony anatomy [3]. The surgical
planning is often done with help of SLA RP method
because model will have high accuracy and surfisighf
[2].

A patient with multiple fractures was treated usiRE
techniques and ultimately reduced operative tinte TT
scan data showed a fracture involving the iliacdela
starting 3cm below the iliac crest and extendingvéod,
with the femoral head protruded and fracture lifighe
superior pubic rami. RP system was used to pretipera
planning by designing template, sizing and alignihg
implant. Slice thickness in CT scan data chosen was
1mm. In preoperative planning, a template of
reconstruction plate with 4.5mm contour was usdte T
screw sizes and position of plate and holes foewvesr
were decided and marked on 3D model. This helped th
surgeons to reduce total surgical time to 3h 10min
which only 20min took for the instrumentation. Tihleod
loss noted to be 600ml. The postoperative evalnati
showed that accuracy and sizing of implant were &nd
working successfully [3].

RP techniques were also applied to treat an 18 gieghr
male with an injury to right kneed and ankle. The
radiography was conducted after stabilization. @iadf
his right knee was used to make 3D RP model, shpwin
fracture pattern. The model helped the surgeorstutdy
pattern of fracture, possible reduction in manoeuand

to decide sizing and trajectory of screws. Thisltes in
early recovery [3].

3 — TISSUE ENGINEERING AND SCAFFOLDS
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Contribution of RP techniques in the field tissue
engineering is significant. Tissue engineering $& wf
combination cells, biomaterial and physiochemieatdrs

to improve or replace tissues. It is also comboratf
cells and scaffolds. RP methods like SLS, 3DP dmfl S
have been proved their efficiency in making models
use in tissue engineering. In this field scaffodae to be
manufactured as porous structure, serves as arsiadhe
substrate for RP model. RP technology has advatwed
create highly complex anatomy, customized and kighl
accurate features.

4 — MEDICAL DEVICES AND INSTRUMENTATION

In this field of application various different metts of

RP can be used to design, develop and manufacture
different medical implants and instruments. Somehef
noted devices produced by these methods are heaidng
dental devices and surgical aid tools [10].

Baxter Healthcare is a company which produces raédic
devices. This company relies on two RP process Shd\
SGC. They produce master pattern used for urethane
mold, which is used to produce prototypes. The
prototypes are sent for design analysis to cheoérer
The changes in designs verified and incorporatefthai
device. The product is Biopsy Needle Housing.

Mask Produced for Burnt Victims, these are the mask
which are used for burnt victims to control the lhrep
process by controlling the scar tissues growth. In
conventional method it is impossible to producecéxa
replica. The RP uses digital scanning method tatera
virtual model of a patient's anatomy. The data is
converted and transferred to SLA machine to produce
exact replica. The SLA is prepared because ofdtfous
advantages.

5- ANTHROPOLOGY

In this application, study related to fossils ofitan bone,
teeth and other artifacts are scanned and theceepfithe
same is produced with help of RP methods. The nsodel
are used for molding, measuring and dissectingystud
without harming the originals. The RP is very
advantageous where only 1 or 2 specimens exists, t
RP models plays a important role in finding theletion
and various studies done by researchers [4][7][8].

6 — TEACHING AID

In this field of application, RP can help the stotdeto
understand the concepts in better way than the
conventional method of learning. Some of the RP
methods can produce models with different colour
coding. In medical colleges an anatomy model can be
produced with different colour which will help the
students to understand in more creative way. In RP
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software a provision is there to add notations he t
models, where a surgeon can write small note to
particular anatomical features. For example a aance
anatomical model with different colour and notatioy
surgeon gives more information while studying aigba
helps in planning surgery [2].

A 3DP model of protein-protein interaction can hédp
study the cause and development of disease anddprov
new healing approaches. Protein-Protein interastion
study is done by deducing the complex structure
arrangement. This is done by comparing the protein
structure with known protein structure. Structuré o
known proteins data can be taken from Protein Data
Bank. This data is used for CAD model creation arrP
model is printed which is used for study and arialys
purposes.

7 - FORENSICS

RP adds, real world, dimensions to the presentation
forensic evidences. Production of 3D model of
craniofacial complex will help in forensic facial
approximation. RP also enables the forensic dodiors
produce all internal and external anatomy of crizial
structures [9]. The RP models also help in studyhmy
anatomy of wounds and especially in surviving wicti
with difficult access wounds, like in skull. UsingP
models scenes can be recreated and aid courtroom
deciding the final verdict [4].

V. CONCLUSION
Rapid Prototyping is emerging approach which uses
mechanical and computer knowledge, to create po¢ot
before actual application. RP has wide spreadfferdnt
field. Rapid Prototyping is assistance to medsmaénce
having its variety of application and significantpact in
medical. Rapid prototype potential in medical sceins
demonstrated using different applications. CT stann
followed by CAD model was used to create ear toepat
with congenital absence of right ear. This techggloan
be used as an alternative to conventional fabdnati
methods within the field of tissue engineering,toosze
implant and medical devices. Further researchdgsired
to reduce the overall cost of Rapid Prototyping, tfee
development of suitable biomaterials and for the
development of RP systems designed specifically for
medical applications.
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