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Global Picture

• Metal AM Growth: Wohlers Associates (2018), reports that growth is 

now approaching exponential. 

– 875% growth in the past five years; 

– 220% growth in the  past two years alone. 

• Boeing reported that they have 20 sites producing metal parts and that 

there are over 60,000 AM  parts currently in their deployed aircraft.

• GE reported that  they have over 1,200 employees operating 1,300 AM 

machines resulting in over 50,000 parts to date. 

• Over 1,000 on-going Metal AM projects are directed at what GE believes 

is a $76 billion market opportunity in the next eight years.

• Stryker just finished building a state-of-the-art facility to address growing 

opportunities in the medical industry and already has over 100,000 Metal 

AM implants in patients.
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SA Within the Global Picture ?
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CENTRE FOR RAPID PROTOTYPING AND MANUFACTURING
Established in 1997

CRPM - Annually manufactures around 15 000 AM parts as part of >500 projects
- Have 750 commercial clients
- Support industries in New Product Development
- Going from CAD to prototypes and end-use products
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LASER MELTING AS PART OF 3D PRINTING

Powder Part

Laser Melting Courtesy EOS 

http://www.eos.info/index.php
http://www.eos.info/index.php


AM TECHNOLOGIES AT CRPM

• EOS P380

• EOS P385

• EOS P396

• EOS S700

• EOS M280 200W (Ti64)

• EOS M280 400W (MS1)

• EOS M250 Extended

• OBJET CONNEX 350

PLASTIC LASER SINTERING

SAND LASER SINTERING

DIRECT METAL LASER SINTERING 



WHY AM FOR MEDICAL 

APPLICATIONS?
Internationally many reports by large corporations showcase the benefits of Additive Manufacturing (AM), or 

better known as 3D printing, for healthcare. Aspects like reduced theatre time using 3D printed implants, 

cutting/drill guides and pre-operative planning models are elaborated on. The reduced theatre time has a ripple 

effect on faster patient recovery time.

A particular report by Deloitte called “3D opportunity in medical technology - Additive manufacturing comes to 

life” highlights how customization of medical devices manufactured by 3D printing improves clinical efficacy 

with better fitting implants at a lower cost.

Large companies like Smith & Nephew, Lima Orthopaedics and 3D Systems realised these advantages and are 

setting up large 3D printing manufacturing centres that are mass-producing implants and other devices.

Currently 95% of medical devices in South Africa are imported (SAMED 2014 report), which presents an 

opportunity for localisation, reduced cost and access for more patients to the benefit these provide. 

Glenn H. Snyder, Mark Cotteleer, Ben Kotek; 3D opportunity in medical technology, published 28 April 2014 on Deloitte website: 

https://dupress.deloitte.com/dup-us-en/focus/3d-opportunity/additive-manufacturing-3d-opportunity-in-medtech.html

South African Medical Device Industry Association report on The South African Medical Device Industry – Facts. Accessed on 4 October 2017 

www.samed.org.za/DynamicData/LibraryDownloads/224.pdf



Dr. K. Hoek
Dr. W. Hoek

IMPROVING LIVES



3D PRINTED IMPLANTS



PRINCESS MOSHOANA







WHAT DO YOU DO IF YOU DO NOT HAVE 

ACCESS TO GUIDED SURGERY TO REMOVE 

CYST BEHIND AN EYE?



Design and AM of patient-

specific guided surgery device 

7-year old girl with cyst behind 

right eye

Possibility of loosing sight within 

14 day window



Design and AM of patient-

specific guided surgery device 



Design and AM of patient-specific 

guided surgery device 



Design and AM of patient-

specific guided surgery device 



Acknowledgements

Dr K Hoek

Dr W Hoek

• Female patient with Myxoma of the mid-facial 

region (Kimberley)

MAXILLARY PATIENT 

• Customised mid-facial implant design –

Materialise software

• Customised LS mid-facial implant in TI64 

printed on EOS M280

• Maxillary frame designed to restore facial 

profile and symmetry

• Placement of obturator and dental bar 

restored mastication and speech functionality



State patients – June 2017

PATIENT 4PATIENT 3 PATIENT 5

3D VIRTUAL 

MODEL

3D PRINTED 

TITANIUM 

IMPLANT

IMPLANT 

DESIGN

Acknowledgements



FOLLOW-UP: 6 MONTHS

https://www.youtube.com/watch?v=nLKksq2ZSwM

https://www.youtube.com/watch?v=nLKksq2ZSwM


MANDIBULAR IMPLANT 



MANDIBULAR IMPLANT 



Customised Pelvectomy

Acknowledgement

Prof George Vicatos (UCT) 



Customised Ankle Implant



FACIAL PROSTHESIS







AURICULAR PROSTHESIS - 8



IMPACT OF 3D PRINTING



NEW INNOVATIONS



NEW APPLICATIONS

NEW PARTNER



NEW APPLICATIONS



3D PRINTED SPINAL CAGES



NEW APPLICATIONS



PATIENTS ON WAITING LIST



Qualification of Additively Manufactured 

Medical Implants



National Collaborative 

CPAM Resource Network

CUT

NLC

UCT
SU

VUT

Aerosud

NWU

WITS

UP

UJ



Qualification Process Chain

Generating Validation Data

ISO 13485



CRPM Strategic Focus 

within CPAM

Industrialisation & Commercialisation
CUT Innovation &Technology Transfer

R&D Platforms

Technology Development

Design, Simulation and Modelling

Laboratories and Facilities

Materials Characterisation

Medical Implants

& Devices

Advanced

Tooling

Aerospace

Structures

Supporting R&D Capabilities

Direct End-use

(SMME focus)

Human Capacity Development

Process and Product Development

Impact in the Economy of the Free State

and South Africa

Courtesy of Prof Willie du Preez



ISO 13485 CERTIFICATION

• The centre received ISO 13485 certification for 3D printing 

of medical devices in 2016

• This is a quality management system which is only granted

after a rigorous audit of all processes. This means that the

products produced at the centre conform to the

International Standards and accreditation

• This will open the doors for commercial manufacturing of 

medical devices here in South Africa and also offer global 

export opportunities

http://www.tia.org.za/index.php
http://www.tia.org.za/index.php


Scope of Certificate

• Design, development and production of patient specific custom 

made titanium implants by means of 3D Printing/Additive 

Manufacturing

• Design, development and production of patient specific custom 

made preoperative models, jigs, cutting guides in nylon by means 

of 3D Printing/Additive Manufacturing

• Contract production of titanium implants by means of 3D 

Printing/Additive Manufacturing

• Contract production of preoperative models, jigs, cutting guides in 

nylon by means of 3D Printing/Additive Manufacturing











NRF/DSI Chair in AM

CRPM

CUTisTTO

DSI/MerSETA Chair 

ICAM

CUT AM INNOVATION CHAIN

CUT 

INCUBATOR

PDTS

MedAdd

DSI Collaborative 

Program in AM



HOW ARE WE SUPPORTING INDUSTRY 

WITH PRODUCT DEVELOPMENT?



PROTOTYPING APPLICATIONS

The DBX 3.0 All-Mountain 

bicycle helmet is designed to 

carry you safely across any 

terrain.

Tooling cost for three different sizes = $350 000

3D printed cost = R25 to 35k



TOPOLOGY OPTIMIZATION AND LATTICE DESIGNS

Courtesy: Prof Anton du Plessis 

Stellenbosch University



GAS TURBINE WITH 3D PRINTED EXHAUST NOZZLE

Courtesy: Glen Snedden CSIR



3D PRINTED DRONES



PDTS is hosted by Central University of Technology, Free State



Rural Mobility 

Description:
African countries such as South Africa face a large problem
concerning mobility of persons with disability in rural communities.
To supply the large need of people in rural areas, the government
and organizations import cheap basic folding wheelchairs. Theses
wheelchairs seldom come with or have available spare parts. This is
concerning as these wheelchairs are not intended for the
environmental challenges faced by South African disabled persons.
This rural mobility project as seen in the figures, aimed to build a
sustainable reliable solution to improve mobility of persons with
disability in rural areas. A wheelchair incorporates a clip on hand
cycle or free wheel to help with mobility and reliability of wheelchairs
in rural areas and long distance traveling. A person with disability will
have a reliable wheelchair to move around indoors but has a clip on
hand cycle or free wheel to improve mobility on rough rural roads
and over long distances.

Client:
Schalk van der Merwe – Manufacture of wheelchairs and hand cycles



Rural Mobility 

Hand cycle Wheelchair Free wheel



Qbell Bed Management System

Description:
South Africa’s health care system is under enormous pressure concerning hospital
bed communication and management, this problem is further highlighted in the
public health care system. Qsystems in collaboration with PDTS have produced a
product that is more cost effective than international competitors, while improving
functionality in African environments. The first development of the Qbell was
funded by Qsystems, funding received from SAB. The Qbell is a TPU soft button that
can be triggered by multiple body movements (not limited to finger pressing, this is
ideal for patients without hand function). The communication and reporting
systems is developed by the PDTS electronic department, funded by the PDTS
medical device unit through TIA funding. A wireless radio communication system
was developed, this allows for a flexible bed management system and reporting
system with cheap and easy installation. An RFID tag system allows for reporting of
nurse productivity and response times.

Client:
Hienrich Williams – Entrepreneur (Qsystems)



Qbell Bed Management System

Hardware



Qbell Bed Management System

Software and Reporting 



Non-Assisted Patient Transfer

Description:
Transferring from a sitting position to standing is essential for
rehabilitation and daily task, often performed multiple times a day.
Common transfers, including transfers from bed to chair/wheelchair, toilet
or washbasin. Performed incorrectly or with out equipment, transferring
can put both patient and caregiver at risk of injury. The patient transfer
device ensures that sit-to-stand transfers can be carried out safely, quickly
and with ease. Reducing the load on both therapists and care givers. The
PDTS patient transfer device allows patients of all sizes to be safely
transferred. The seat paddles are able to adjust forward and backwards to
accommodate a variety of people. The paddles easily swing away to help
with a quick and safe transfer. Medical grade caster wheels also ensure
smooth movement in a home and hospital environment. The width of the
device is specifically designed to accommodate standard wheelchair sizes
in transfer, while a non-slip standing surface further improves the transfer.

Client:
Nurture Health Hillandale Physical Rehabilitation Hospital



Adult Standing Frame

Description:
Standing frames are used by persons who rely on a wheelchair for
mobility. A standing frame provides alternative positioning to sitting, by
supporting the person in the standing position. Standing promotes
healthy bone maintenance, leg muscle stretching, spasticity reduction,
improved internal organ functions, improved posture, and overall range
of motion improvement. These benefits are not just physical, but also
psychological. The PDTS standing frame comes with a host of
adjustable features that accommodate a wide range of body types.
Localised manufacturing dramatically improves the retail price.

Client:
GreyMil Physical Rehabilitation Hospital



Multi Functional Walking Frame 

Description:
A major problem faces by retirement homes and care
centres is older patients falling at night on their way to the
toilet. Conventionally a commode is used to solve this
problem. Currently patients cannot buy a walking frame
and commode on medical aids together. Commodes are
usually priced at R1300 – R3200. The proposed device, clip
on commode, is an add on to a standard walking frame. The
device will retail for R350 –R450 and is seen as a walking
frame accessory.

Client:
Nurture Hillandale Physical Rehabilitation Hospital



Patient Specific Dynamic Hand Splint

Description:
This project aims to develop a patient specific 
dynamic hand splint that will enable persons with 
tendon injuries or spasticity of the hand caused 
by a stroke to achieve appropriate hand 
rehabilitation.  One of the major drivers of this 
project is to produce dynamic hand splints 
through the use of additive manufacturing (AM), 
specifically selective laser sintering (SLS).  AM 
allows for a dimension driven CAD file to be 
manufactured that exhibits biomechanical 
function and appropriate fit.  Insuring cost 
effective local production of complex hand splints 
that will be custom fitted to the client’s specific 
needs.  

Client:
Frans Klienhans Orthotics & Prosthetics
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