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 “One-Day Visit” is one of the goals of the CPSS for custom FO and AFO.  CPSS facilitates 
the entire spectrum of measurement, design, fabrication, and evaluation of a custom AFO 
within a single visit to the clinic.  In contrast, current custom orthoses are typically fabricated 
using the traditional plaster molding method [4]. This method relies heavily on the experience and 
expertise of individual orthotists and technicians. Additionally, user’s feedback on comfort and 
clinician’s evaluation on efficacy often leads to modifications in the plaster mold to ensure a better 
fit.  It is common for users to require multiple visits to the clinic for molding and modification to 
create a satisfactory custom orthosis.  For users who need orthoses, each visit to the clinic can 
be a hardship due to disability and limited resources.  From a clinic’s perspective, reimbursement 
from Medicare or an insurance company is based on the orthosis itself, not on the number of 
visits. It is therefore in the best interests of both the user and the clinic to improve the current 
service system for custom orthosis. Drawbacks of the plaster molding based method for custom 
orthoses includes:  

 

• Long delivery time: Typical delivery time is 1-2 weeks for an FO and 2-4 weeks for an AFO.  
• Lack of accuracy: Plaster shrinks after drying and the mold does not accurately duplicate users’ 

ankle and foot geometry to have the best fit in one try.    
• Multiple visits: This is taxing for users and caregivers alike.   
• Limited design freedom: Shapes of FOs and AFOs are limited by the manufacturing practice, 

which cannot fabricate orthoses that require more intricate, functional designs.  
• No sensors: Advancements in miniature sensors have not been utilized in custom orthoses. 

Embedded-sensors can measure and record the user’s gait and enable the better 
adjustment of orthoses to improve the treatment efficacy and user experience.   

 

Research studies of 3D-printed custom orthosis and prosthesis started in 1990 when Rovick 
et al. [5] at Northwestern University applied the stereolithography (SLA) method to fabricate a 
custom socket for transtibial prosthesis. Research in 3D-printing of prosthetics remains an active 
area [6-8], whereas research in the area of 3D-printed orthoses has lagged behind. The concept 
of a 3D-printed AFO was first published in 2005 [9]. In 2008, Faustini et al. [10] utilized selective 
laser sintering (SLS) to fabricate a passive-dynamic AFO. In 2010, a 3D-printed custom FO was 
demonstrated to be effective for correcting clubfoot [11] and rheumatoid arthritis [12]. Within the 
rehabilitation community, the concept of 3D-printing of custom FO and AFO has started to gain 
awareness [13-15].  The 3D-printed AFOs are precise and have adequate strength compared to 
traditional AFOs [16].  Clinical evaluations of a 3D-printed AFO have also been conducted and 
demonstrated to be better than standard AFOs [17].  

 

Because the number of potential users for orthosis is much larger than that of prosthesis, 
several startups have entered this market. Examples include 3D-printed FO by Sols® (New York, 
NY), FO by 3D Orthotics (Brisbane, Australia) and thoracic-lumbar-sacral orthosis (TLSO) for 
children by Andiamo (London, United Kingdom), and are shown in Figs. 3(a)-(c).  The AFO from a 
4-year (2009-2013) EU project A-Footprint [18] (illustrated in Fig. 3(d)) is an inspiring compliant 
AFO design concept that can be actualized and personalized by 3D-printing.   

 

         
 (a) (b) (c) (d) 
Fig. 3. Examples of commercial 3D-printed (a) FO by SOLS®, (b) FO by 3D Orthotics, and (c) TLSO by 
Andiamo and (d) AFO based on the EU A-Footprint project [18].  
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Cyber-Physical Design and Manufacturing of Custom Orthoses  
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•  In the United States, 
o  5 million in 2011 
o Projected to reach 10 million by 2020 

•  A study at UM Orthotics and Prosthetics Center for 2013 
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Sensor-embedded passive dynamic ankle-foot orthoses 
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Custom Orthosis and Prosthesis: Cyber-Physical 
Design and Additive Mfg  (NSF PFI:BIC) 



3D-Printing Machine Research:  Dispensing High 
Viscosity Fluids Accurately and Rapidly 

Needs	 1.  Size:	precision	metering	of	fluid		

2.  LocaDon:	precision	posiDoning		
3.  Liquid	à	solid	transformaDon	

4.  Speed	and	others	…..	

Based	on:	

Open-
source	
machine	

Machine R&D for delivery/placement of high viscosity fluid 



 Many Potential “Custom” Products 



•  Targets:  
–  Freshman engineering (ENG 100 in UM)  
–  Community College Mfg Technology AM 

•  An open-source FDM machine (all 
software code and part drawing 
available) for each student 

•  Three modules 
1. Machine setup and process parameters  
2. Disassemble and assemble a FDM 

machine 
3. Learning a simple CAD software (e.g. 

Google Sketch-Up or Fusion 360) and 
3D-print a design 

Education: Hands-On, Video-Enhanced 3D-
Printing Course  



•  First AM machine for in UM Orthotics and 
Prosthetics Center  

• Cyber-physical design and AM System  
• Soft material AM of custom products 
• Education: Hands-on, video-enhanced AM 

course  

Concluding	Remarks	


