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Isometric view of our manufactured Anti-Gravity prototype's frame, counterbalancer and arm band. 



1 Problem Statement & Background 
1.1 Problem Statement 
Children with Spinal Muscular Atrophy (SMA) require strengthening exercises to improve 
posture, prevent joint mobility, and reduce muscle weakness/atrophy.  We were tasked with 
designing an “anti-gravity” device that can assist a child’s rehabilitation through supporting 
movement of their arms and/or legs.  This product would be implemented in a home setting 
and be adjustable for children of different heights and strengths. 

1.2 Constraints & Limitations 
Constraints and limitations of our proposed design are as follows: the device must be safe for 
use with a child under supervision, remain in the range of $500, be manufactured such that 
mass production is possible, and retain the mobility and comfort of current designs. 

1.3 Functional Requirements 
The following is a list of function requirements for the device.  Success in achieving these 
requirements will indicate the success of the device. 

o The device must work for children ages 0-5 years old. 
o The device must work for children in a lying or sitting position. 
o The device should not restrict the user’s movement. 
o The device should be comfortable for 20-30 minutes of concentrated use. 
o The device should be portable for transportation in a small vehicle. 

1.4 Background Information 
Spinal muscular atrophy (SMA) is a genetic disorder that starts in the central nervous system 
(CNS) and affects all the muscles in the body.  Due to the degenerative nature of the disease, 
people with SMA will experience a decline in muscle strength over time with varying rate and 
severity among individuals.  People with SMA will lose motor function through their lives [1].   

SMA is caused by a lack of spinal motor neuron (SMN) protein, a protein that is key for muscle 
development and movement.  Motor neurons send signals to muscles from the CNS.  These 
neurons need SMN protein to work.  Without SMN protein, motor neurons die off.  With no 
signals from the CNS, muscles get weaker and weaker.  People with SMA cannot generate 
enough SMN protein because the survival motor neuron 1 (SMN1) gene is mutated or deleted.  
People with SMA rely on another gene everyone has, SMN2, to make SMN protein.  But this 
gene cannot make enough full-length protein for all the motor neurons [1]. 

A current treatment for pediatric and adult patients with SMA is a prescription medicine named 
SPINRAZA.  SPINRAZA works by specifically targeting an underlying cause of muscle weakness in 
SMA.  This is done by combining with the SMN2 gene to increase SMN protein production [2]. 

This project was undertaken in collaboration with the Rehabilitation Center for Children in 
Winnipeg, Manitoba, Canada.  A goal of this partnership was to develop a device that could be 
used in a home setting for regular muscular strengthening exercises for children with SMA 
currently taking SPINRAZA.  The ability to provide quantifiable data for showing effectiveness of 



this medicine is important to secure continual/future funding of this medicine.  The metrics for 
this quantifiable data for children include better posture, joint mobility, and increased strength. 

2 Methods & Solutions Considered 
2.1 Concept Generation & Results 
Our approach began by generating initial concepts using the following techniques: free 
thinking, brainstorming and redesign.  Free thinking describes any idea that was thought of 
outside of a team meeting.  Brainstorming included a 1-hour session of a team with the goal of 
generating as many concepts as possible.  Redesign was based around two current products: 
The Angel Arms product by Jacey’s Journey [3] and the Wilmington Robotic Exoskeleton (WREX) 
[4], a 3D-printed robotic exoskeleton.   

Table 1 below displays a summary of the top ideas of each concept generation technique. 

Table 1: Concept Generation Summary 

Free Thinking Gantry Overhead bridge-like structure supporting limb 
situated below structure. 

Brainstorming Gantry with Wheel Overhead bridge-like structure supporting limb 
situated below structure and providing motion through 
a track and wheel. 

 Crane with Wheel Overhead crane-like structure supporting limb situated 
below structure and providing motion through a track 
and wheel. 

 Articulated 
Balance Spring arm 

Device that is structured such that a spring provides 
balance to the device’s arm. 

Redesign WREX Exoskeleton A redesign of the WREX exoskeleton that would 
provide electric motion control. 

 Angel Arms A redesign of the Angel Arms counterweight and wrist 
support device. 

 

2.2 Concept Selection 
The concept selection process involved a weighted decision matrix to compare the design 
criteria for selection of a concept.  The criteria chosen was as follows: Child-friendliness (The 
child’s interaction and association with the device), interaction (how easy it is for a caregiver to 
interact with the child in device), simplicity (the simplicity of the final product), prototyping (the 
speed a prototype can be developed), safety (ease of implementing safety features), cost (cost 
to manufacture), construction (ease of assembly by user), and operation (ease of changing 
support by a caregiver or occupational therapist).  The chosen weights were based on 
importance to our concept with a maximum weight of 1 being the most relevant and 0.125 
being the least relevant.   



Table 2: Weighted Decision Matrix for Concept Selection 

Criteria Weight WREX 
Exoskeleton 

Gantry Gantry 
with 
Wheels 

Crane 
with 
Wheels 

Articulated 
Balance 
Spring Arm 

Angel 
Arms 

Child-
friendliness 

0.375 9 4 6 8 7 7 

Interaction 0.875 8 3 3 8 8 7 

Simplicity 0.625 2 6 6 9 7 5 

Prototyping  0.375 2 7 8 8 7 4 

Safety 1 6 7 7 8 7 5 

Cost 0.125 2 6 7 8 8 8 

Construction 0.375 2 8 8 7 8 4 

Operation 0.75 4 8 8 8 7 6 

 Total Score 18.375 17.500 18.625 26.625 23.625 25.375 

The chosen overall design was the crane with wheels concept, resulting from the highest total 
score of 26.625 in Table 2. 

With the overall concept selected, a second concept selection process involving a ranked design 
matrix was used to compare design criteria for selection of a counterweight and cable concept 
that could be applied to the overall design.  The chosen ranks were based on importance to our 
concept with a maximum rank of 6 being the most relevant and 1 being the least relevant.   

Table 3: Ranked Decision Matrix for Concept Selection 

Criteria Exoskeleton T-Bar Rubber 
Band 

Gym 
Weight 

Winch  Mobile 

Freedom 6 1 5 4 3 2 

Cost 1 4 6 2 3 5 

Build Time 1 3 5 4 6 2 

Complexity 1 5 6 4 3 2 

Reliability 1 3 5 6 4 2 

Strength 1 4 2 6 5 3 

Safety 3 4 1 2 6 5 

Size 6 1 4 3 5 2 

Total Score 20 25 34 31 35 23 

From the above ideas, the highest ranked solution for a counterweight and cable design was a 
winch shown in Table 3. 

 

 



3 Final Design & Future Work 
3.1 Final Design 
The final design for our prototype is comprised of several areas of focus: An arm support (to 
support the arm against the force of gravity), an elbow joint (to provide motion towards/away 
from the body like flexion/extension of the elbow), a shoulder joint (to provide motion to/from 
the midline of the body like abduction/adduction of the arm), and a main frame (to mount the 
overall structure).   

3.1.1 Arm Support 
There are two significant parts of the arm support, the arm band and counterbalancer.   

The arm band was manufactured using 1/8” neoprene, Velcro, 1” Nylon webbing, 2 adjustable 
buckles and a D-ring.  The nylon webbing and Velcro were stitched to the neoprene.  Using 
Velcro and neoprene in conjunction to secure the arm, all users receive consistent compression 
and therefore increase comfortability of the arm band no matter the size of the user’s arm.  
This arm band was designed up to a maximum arm circumference of 6”.  The purpose of the D-
ring is to attach the tool counterbalancer and the purpose of the adjusting buckles was to allow 
for length adjustments to level the arm with respect to the ground. 

The second part used in the arm support design was a 3 to 5 lb. capacity counterbalancer.  
There is a 1/16” plastic-coated steel cable wound like a winch utilizing spring tension which is 
inside the counterbalancer.  The tension of the cable can be adjusted to account for the arm 
weight for different users.  The counterbalancer was attached to aluminum extrusion with a 
carabiner hanger and suspends the arm for a weightless feel and movement, with minimal 
effort.  As counterbalancers are good for minimizing fatigue in applications that require 
continuous tool use it applies well to our design criteria of supporting the arm’s weight against 
gravity.  The load capacity can be incrementally changed to provide proper arm support for all 
muscular strengths of users and a carabiner clip allows easy attachment to the arm band. 

3.1.2 Elbow Joint 
The elbow joint was manufactured using two t-slotted framing aluminum mounting plates and 
had 4 holes drilled to connect to a turntable style bearing using fasteners.  To connect the 
aluminum mounting plates to the two extruded aluminum frames, one end-feed double nut 
with two flanged button head ¼”-20 thread machine screws was used per extruded aluminum 
frame.  This approach is beneficial as it does not require machining of the extruded aluminum 
frame and allows the length of each arm to be changed for further geometry refinement.  The 
purpose of this elbow joint is to allow motion towards/away from the body in a plane parallel 
to the floor. 

3.1.3 Shoulder Joint 
The shoulder joint was manufactured around the use of a standard duty flange mount bearing 
assembly.  To adjust the height of the top aluminum extrusion piece, a 1” OD steel tube was 
used in conjunction with a rail-to-tube holder, designed for a 1” high single rail aluminum 
extrusion.  To fasten this holder to the aluminum extrusion, an aluminum mounting plate like 



the elbow joint was used.  The purpose of this shoulder joint is to provide fluid rotation around 
the center of the device.   

3.1.4 Main Frame 
The main frame was manufactured using one 4’ length and two 2’ length pieces of 1” high 
aluminum extrusion.  The benefit of using aluminum extrusion for a prototype was the ability to 
for future testing and continual dimensional adjustments while limiting new costs that may 
arise from dimension changes to the overall size of the prototype. 

3.1.5 User Attachment 
With the device installed into position, the user dons the neoprene arm band and is assisted 
connecting the Velcro to secure their arm in a suspended position.  Overall adjustments to the 
positioning of the aluminum extrusion arms to change the effective radius of the device is done 
at this time.  This effective radius is based on the user’s size and positioning while using the 
device, such as lying or sitting.  

3.2 Future Work 

3.2.1 Portable Base 
A standalone base is also planned so the device does not require specific household items and 
will work for users that only have this device.  This future base is planned to be designed to be 
portable for transporting between households or appointments with occupational therapists. 

3.2.2 Alternative Attachments 
Future work designing different attachments to secure the device without the base section to 
common household products such as chairs, tables, or even wheelchairs would provide 
alternatives for users.  This would allow the device to have a smaller footprint in your house 
and reduce the overall weight and cost by eliminating a standalone base. 

3.2.3 Risk Assessment 
In the future, a Clinical Risk Assessment (CRA) of the device will also be conducted to identify 
possible clinical risks, their potential causes, and ways to design controlling actions into our 
device.  Since this device is for use with children under supervision, a risk assessment will be 
extremely valuable prior to in-situ testing. 

4 Outcome & Results 
4.1 Testing 
Preliminary in-vitro testing was done on our prototype.  The prototype was shown to provide a 
full 360-degree range of motion without impedance.   

4.2 User Feedback 
Our device has not yet been testing in-situ and therefore the user feedback has been limited. 

 



5 Cost 
Much of the materials and manufacturing in this prototype were provided to us by the Rehabilitation 
Center for Children.  This enabled us to minimize the cost of our prototype. 

Part/Material Quantity Cost Machining Cost Total 

Main Frame 

Aluminum Extrusion Rail 4’ 1 $19.68 $0 $19.68 

Aluminum Extrusion Rail 2’ 2 $11.05 $0 $22.10 

Mounting Foot 1 $30.01 $0 $30.01 

Fasteners 1 $10.00 $0 $10.00 

Elbow Joint 

Turntable Bearing 1 $6.83 $0 $6.83 

Aluminum Mounting Plates 3 $12.02 $0 (Team) $36.06 

Shoulder Joint 

Flange Mount Bearing 1 $12.99 $0 $12.99 

6061 Aluminum Round Tube  1 $21.09 $0 $21.09 

Rail-to-Tube Holder 1 $36.24 $0 $36.24 

Arm Support 

Arm Band 1 $5.00 $0 (RCC) $5.00 

Counterbalancer 1 $59.19 $0 $59.19 

Carabiner Hanger 1 $14.32 $0 $14.32 

The total cost to produce this prototype was $273.51, which is well below the acceptable cost of $500.  
Upon further production, the expected cost will be lower than the cost to produce our prototype.  This 
will be done through the reduction in cost for the overall frame’s structure. 

6 Market & Significance 
6.1 Spinal Muscular Atrophy Market  
A 2020 study found that the predicted Global Spinal Muscular Atrophy (SMA) market is 
estimated to be valued at US$ 2.8 billion by the year 2027, rising at a market growth of 12.5% 
compound annual growth rate (CAGR).  Growth of the market is driven by rising incidences of 
SMA, technological advancements, government impetus, growing consumer awareness and a 
surge in R&D activities.  SMA is one of the most common debilitating genetic disorders and a 
leading genetic cause of death among infants.  It affects approximately one in 10,000 live births 
globally [5].   

6.2 Product Significance 
By creating an affordable and effective supportive device that can be used for rehabilitation 
exercises and play, we are providing an accessible solution for an established issue faced by 
many children with SMA across the globe.  Through the daily use of this device for activities 
such as playing, children will be able to gain motor function and reduce muscle wasting.  Our 
product is significant to the healthcare industry since it can be applied to other situations where 
a user may require support to increase their motor function.   
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