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Key Points 

 Custom Orthoses and Prostheses require the design and fabrication skills of an orthotic 
and prosthetic clinical team. 

 Advancements in material science and CAD CAM technology have expanded the 
capabilities of orthotic and prosthetic modeling and fabrication. 

 
The fabrication process for orthoses and prostheses begin with raw materials like 

polypropylene and carbon fiber and ends with finishing and finetuning of specialized joints, 
straps, and padding. 
Material selection during the orthotic and prosthetic design process is driven by patient size and 
activity level, magnitude of orthopedic deficit, and the presence of neurological deficit. The 
Orthotic and Prosthetic (O&P) practitioner arrives at a final design in concert with the 
prescribing physician and the rehab team. The spectrum of materials includes aluminum, 
titanium, stainless steel, carbon fiber, thermoplastics (eg: polypropylene, polyethylene), 
ethylene-vinyl acetate (EVA) foams, and various padding layers of varying durometers. 

The current state of producing custom orthoses and prostheses includes an impressive 
display of craftsmanship. As we witness the dawn of technological innovations like 3D printing, 
the current state of orthotics and prosthetics is still dominated by handmade craftsman quality 
devices produced one at a time. The fabrication process for a custom Orthosis or Prosthesis 
consists of four stages: impression acquisition, model rectification, thermoforming, and 
finishing. 
Thermoformable polymers like polypropylene and polyethylene are mainstays in the O&P field 
currently. Extruded sheets of these polymers are molded to patient models during the process 
referred to as “thermoforming.” The thermoforming process involves heating the polymer in an 
infrared oven to its optimal processing temperature1 and sealing the polymer around the positive 
model. Vacuum is subsequently introduced to promote an accurate and intimate mold during the 
curing phase of the process. 

Multi-durometer polymer foams and pads are used in custom O&P devices to ensure a total 
contact fit. Polymer foams vary in durometer (density), shock absorbing, and molding qualities.2 
The polymer foams that line custom O&P devices are also thermoformed to the positive patient 
model to ensure that loads within the device are dissipated over a broader surface area to reduce 
focal peak pressures on tissues.  

Patient models in P&O are acquired via negative mold making or digital scanning. 
Fiberglass, plaster casting material, or foam impression material are used in the negative mold 
making process. In recent years, laser scanning has simplified the process of patient model 
acquisition and CAD model rectification3. Recent advances in 3D photography and 2D image 
splicing has pushed the envelope on model acquisition with a standard camera or smartphone. 
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Positive model correction and rectification can 
is performed in the traditional method of plaster 
model modification or within O&P - specific 
computer aided design (CAD) software. The 
traditional plaster method is a time consuming 
albeit effective process of adding plaster for areas 
of relief or removing plaster in areas to be loaded 
in the final device.  An array of tools including: 
mixing bowls, carving knives, rasps, and sanding 
screen are used in the plaster modification 
process. The primary tool in the CAD model 
process is the computer mouse. CAD model 
rectification takes a fraction of the time required in the plaster process, and the options are only 
limited to the imagination of the practitioner. When the CAD model is complete, a positive 
urethane foam model is produced via computer numerical control (CNC).3 

The materials selected for the final device are heated and thermoformed over the positive 
model under vacuum. Each layer is allowed to fully cure before adding successive layers. The 
curing time for the completed device is typically 24 hours to ensure that there is no deformation 
or loss of shape in the final device.  

The fully cured device is cut from the positive model and final trimlines are established to 
ensure that the device extends far enough along the limb to provide enough lever arm or control - 
while avoiding the anatomical joint centers and impeding range of motion. A series of grinding 
arbors of varying grit and polishing cones are fit to a router that is unique to the prosthetic and 
orthotic industry to complete the finished product. Once straps and final pads are applied to the 
device, it is ready for delivery.   
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