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INTRODUCTION 
There are increasing numbers of children with traumatic 
and congenital amputations or reductions. Children's 
prosthetic needs are complex due to their small size, 
constant growth, and psychosocial development (Krebs 
et al., 1991 and Zuniga et al. 2015). Families’ financial 
resources play a crucial role in the prescription of 
prosthetics for their children, especially when private 
insurance and public funding are insufficient. Electric-
powered (i.e., myoelectric) and body-powered (i.e., 
mechanical) devices have been developed to 
accommodate children’s needs, but the cost of 
maintenance and replacement represent an obstacle for 
many families. Due to the complexity and high cost of 
these prostheses, they are not accessible to children 
from low income, uninsured families, or to children from 
developing countries (Krebs et al., 1991 and Zuniga et al. 
2015). Advancements in computer-aided design (CAD) 
programs and additive manufacturing offer the possibility 
of designing and printing prostheses at a very low cost 
(Zuniga et al. 2015). The purpose of the present 
investigation was to demonstrate the manufacturing 
methodology of 3D printed transitional prostheses, 
examine improvement in perceived changes in quality of 
life, daily usage, and activities performed with these 
types of devices. 

METHOD 

Nine children (two girls and seven boys, 3 to 16 years of 
age) with upper-limb reductions (one traumatic and eight 
congenital) were fitted with our 3D printed transitional 
prostheses and were asked to complete a survey. 
Inclusion criteria included boys and girls from 3 to 17 
years of age with unilateral upper-limb reductions. 
Exclusion criteria included upper extremity injury within 
the past month and any medical conditions that would be 
contraindicated with the use of our 3D printed prostheses 
prototypes, such as skin abrasions and musculoskeletal 
injuries. The study was approved by the Creighton 
University Institutional Review Board and all the subjects 
completed a medical history questionnaire. All parents 
and children were informed about the study and parents 
signed a parental permission. For children 6 to 17, an 
assent was explained by the principal investigator and 
signed by the children and their parents. The survey was 
developed to estimate the impact of our prosthetic device 
including items related to quality of life, daily usage, and 
type of activities performed. 

RESULTS 
After approximately 1 to 3 months of using our 3D printed 
prostheses, 11 children and their parents reported some 
increases in quality of life (4 indicated that was significant 
and 7 indicated a small increase), while 1 indicated no 
change. Nine children reported using the device 1 to 2 
hours a day, 3 reported using it longer than 2 hours and 
1 reported using it only when needed. Furthermore, 
children reported using our 3D printed prostheses for 
activities at home (9), just for fun (10), to play (6), for 
school activities (4), and to perform sports (2). Four 

children reported malfunctioning and/or breaking of the 
3D printed prosthetic device.  

Figure 1. Shows some of the 3D printed transitional 
prostheses prototypes developed by our research team. A: 
Hand prosthesis (Cyborg Beast); B: Below Elbow Device; C: 
Prosthetic Shoulder. 

DISCUSSION 
The main finding of our survey was that our 3D printed 
transitional prostheses have a great potential to positively 
impact quality of life, daily usage, and can be 
incorporated in several activities at home and in school. 
However, 36% of our research participants reported 
durability issues and/or malfunctioning of these devices. 
Unfortunately, some observed inaccuracies with 
collected survey results have been noted in related 
studies, and a more quantitative method for determining 
usage is desired. A prototype of an appropriate test 
apparatus for usage has been constructed, and will be 
validated in future studies. There is a need to develop 
medical grade 3D printed prosthetic devices to solve the 
durability constraints.  

CONCLUSION 
Although durability and environment are factors to 
consider when using 3D printed prostheses, the 
practicality and cost effectiveness represents a promising 
new option for clinicians and their patients. 3D printing 
technology for the development of prosthetic devices is 
at a very early stage. The supervision of a certified 
prosthetist is crucial for the proper development and use 
of 3D printed prostheses. 

CLINICAL APPLICATIONS 
3D printed transitional prostheses have a great potential in 
positively impact quality of life, daily usage, and can be 
incorporated in several activities at home and in school. The 
supervision of a certified prosthetist is crucial for the proper 
development and use of 3D printed prostheses. 
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