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ABSTRACT 

In this abstract, we present a modular design methodology for 

prototyping and 3D printing affordable, highly customized, 

assistive technology. This methodology creates 3D printed 

attachments for prosthetic limbs that perform a diverse group of 

tasks. We demonstrate the methodology with two case studies 

where two participants with upper limb amputations help design 

devices to play the cello and use a hand-cycle.   

Categories and Subject Descriptors 

K.4.2 [Computers and Society]: Social Issues – assistive 

technologies for persons with disabilities. 
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1. INTRODUCTION 
3D printing is a valuable resource for engineering affordable, 

highly customized, assistive technology and prosthetic devices 

[1, 5, 7]. However, it is difficult and time consuming to 

iteratively design complex devices. In this abstract, we present a 

modular prototyping methodology to design and modify 

assistive devices for prosthetic users.  

The process uses three modular components: the prosthetic, the 

assistive device, and the attachment interface connecting them. 

Breaking a design into these components makes it easier for a 

designer to iteratively create multiple attachments for different 

tasks and test a variety of configurations. The final device is 

printed as two parts: a prosthetic and an attachable assistive 

device.  

2. RELATED WORK 
Highly customized assistive devices are expensive to engineer 

and produce, but are necessary to perform many tasks [4]. 

Recently, the popular media has reported on many successes of 

3D printed prosthetics [3, 6]. For end users, online 3D modeling 

communities are a growing resource for assistive devices; 

however, impairments are unique to the individual and the 

original designs may not be appropriate for all users [2].  Our 

modular prototyping process modifies these open source designs 

to meet an end user’s needs.  

3. MODULAR PROTOTYPING 
Our rapid prototyping process applies a modular design scheme 

to prototyping 3D printed prosthetic attachments. This design 

identifies three components of prosthetic attachments which can 

be tested separately and brought together to perform a task.  

 Components 3.1

 The Prosthetic 3.1.1
A user and designer team, can build a 3D printed prosthetic or 

modify a professional prosthetic. When designing the prosthetic, 

it is important to consider factors such as the location of the 

amputation and the forces acting on the residual limb. A simple 

prosthetic wrist can be seen in Figure 1. A. 

The modular prosthetic allows a user to adjust it as their body 

changes. As a separate component, it can be changed without 

adapting the assistive attachments a user and designer have 

created. This also allows the team to modify a prosthetic to 

optimize tasks, including altering the prosthetic to balance out 

the weight of heavier attachments or make use of mechanical 

motions for performing a repetitive task. These mechanics allow 

a user to translate their range of motion into the motions 

required to perform an assisted task. 

 Assistive Device 3.1.2
An assistive device can be any model that will support a user in 

performing a task, often replacing the functionality of a hand 

(e.g. supportive grips for utensils and tools). In many cases, the 

devices do not need to be explicitly for a person with a 

disability, but rather are tools that make performing a task easier 

for anyone. A variety of these devices are available online. In a 

case study described below, we modified a violin bow holder 

sourced from Thingiverse shown in Figure 1. D. 

Unfortunately, these devices are rarely designed to be attached 

to a prosthetic. To utilize this resource, our prototyping process 

connects these devices to the user through their prosthetic. 

Because the methodology is modular, a user and designer would 

not need to redesign the prosthetic to interact with the device. 

The style or size of a prosthetic would be irrelevant; although, 

the assistive device would need to be remodeled and reoriented 

to optimize printing and interacting with an attachment 

interface. Furthermore, adapting the assistive devices does not 

require that changes be made to the other components, saving 

time. Also, since the assistive device is prosthetic agnostic, a 

designer could make their model available online as a resource 

for other prosthetic users.  
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 Attachment Interface 3.1.3
Connecting these separate assistive devices requires an 

attachment interface that allows the user to attach to a variety of 

devices without reprinting their prosthetic. This interface 

maintains the modularity of the design process and allows the 

users to customize their prosthetic to perform different tasks.  

The interface can be broken into two parts, a lock integrated 

with the attachment and a key attached to the assistive device. 

This locking mechanism is customized to utilize the user’s range 

of motion (e.g. wrist rotation, elbow movement, etc.). One 

example of a lock and key can be seen in Figure 1.B and 1.C, 

respectively. 

 Designing a System Using Components 3.2
With these three components, a user and designer can 

collaborate to build a prosthetic attachment. They can iteratively 

test a variety of attachment interfaces in different positions on 

the prosthetic by means of a testing interface. Our testing 

interface uses 3D printed Lego studs to interlock the different 

components in a variety of positions in order to find a 

comfortable fit. These separate pieces can also be saved for 

creating future designs, speeding up the design and testing of 

new devices. Furthermore, if a user’s prosthetic needs to be 

changed to accommodate growth, the prosthetic can be modified 

without adjusting old attachments. 

Once a good fit has been found, the design can be printed 

without the testing interface. The design will come in two parts: 

the prosthetic with the key to the attachment interface, and an 

assistive device with the lock. The user can now attach 

themselves to the device, perform the assisted task, and detach. 

Then they can attach to another device or use a generalized 

prosthetic such as a hook or passive hand.  

4. DEMONSTRATIONS 
To test this prototyping process, we met with participants with 

upper limb amputations over a series of interviews and testing 

sessions. 

 Case 1: Playing the Cello 4.1
Our first participant was a 9 year old boy with a congenital 

amputation below the elbow on his right arm. For most tasks, he 

prefers not to use a prosthetic, but has no other way to hold the 

bow when playing the cello. Additionally, he is outgrowing his 

prosthetic, which was not designed specifically for the cello and 

thus lacks the control he would like.  

We first acquired the designs for an adaptive violin bow holder 

from Thingiverse, and then attached Lego-like studs to the flat 

portion of the device that would connect at the wrist. We made 

modifications to the original holder to accommodate the 

different instrument. We also adapted a gauntlet design with 

Lego-like studs to the top of the forearm and end of the wrist 

(Figure 1). 

This method made it easy to test a variety of attachment 

interfaces and positions without multiple prosthetics and bow 

holding attachments. It also allowed us to print a few prosthetic 

gauntlets in different sizes without redesigning the bow holder. 

Furthermore, it was simple to design the separate components 

and test a variety of configurations in rapid succession, since 

only one testing session with the testing interface was required. 

 Case 2: Attaching to a Hand-Cycle 4.2
Our next participant is 27 and has a congenital amputation 

below the elbow on her left arm. For recreation, she uses a hand-

cycle, but cannot easily connect her arm to the left handle. This 

leaves most of the work of cycling to her dominant arm, causing 

strain. We are currently working with her to connect her 

preferred attachment interface to the hand-cycle. This would 

lock her in to the cycle similar to locking bike pedals.  

This is an interesting case because the assistive device is a hand-

cycle—a complex machine that cannot be 3D printed. However, 

our process is still effective. In this case, we designed an 

attachment interface for her prosthetic that uses Velcro as 

opposed to Lego-like studs to test positioning on the hand-cycle. 

Because the system is modular, we can adapt the existing hand-

cycle to her prosthetic instead of engineering an expensive, 

custom machine.  

5. CONCLUSIONS AND FUTURE WORK 
In this abstract, we outlined a modular prototyping methodology 

for designing 3D printed attachments to prosthetic devices. The 

process produces highly customized and affordable designs that 

can be used with a variety of prosthetics. 

In future work, we will design solutions for a more diverse set of 

users, tasks, and impairments. We also hope to create 

automation tools to generate assistive devices using this 

methodology. This is made simpler by the focus on modularity. 
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Figure 1. Demonstration of components of cello bow prosthetic 

in testing phase 
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