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Problem Statement  
Cardiovascular exercise achieved through arm movement alone may result in a lower cardiovascular 
output that is not be sufficient for improving health for people with mobility impairments such as 
spinal cord injury (SCI).  Arm Assisted Passive Leg Exercise (AAPLE) may be one method for increasing 
exercise effects, with passive movement of the legs increasing blood circulation and load on the 
cardiovascular system [1][2]. AAPLE can be accomplished with an arm-leg bike by using the arms to 
move the legs: transferring rotary motion on a hand crankset to a lower output shaft connected to the 
user's feet via cranks and pedals. 

Although certain AAPLE machines are available on the market for personal or clinical use, these 
machines are very costly and are unaffordable for people living in developing world countries. Also, 
they are typically too large and costly for most home use scenarios in North America. For these 
reasons, an economical and easy to build AAPLE bike - assembled with globally available parts and 
materials – has been designed.  

Ideally, the machine must also be easy to use by the user and/or caregiver. Current rehabilitation 
exercise machines can be heavy or awkward to move, are difficult for the user to transfer into, as well 
as difficult to place and secure their legs onto without assistance.  Also, most machines are not usable 
while in a supine position – a beneficial feature for early rehabilitation intervention during the acute 
care phase of recovery. Thus, the rehabilitation version should allow for hospital bed use, and also be 
ground-mounted so that a wheelchair can move next to it for use without needing to transfer. 

Background 
Many secondary negative effects experienced by a person with SCI are often overlooked. Some of the 
secondary side effects include, but are not limited to, muscle atrophy, decreased bone density loss, 
and a decrease in cardiovascular health which can lead to serious health issues such as heart attack 
and stroke [3].  

The typical cardiovascular exercise modality for people with SCI or other mobility impairments are 
arm-only movements such as pushing a wheelchair, using a hand-cycle or arm ergometer. Two newer 
methods are sometimes used for greater exercise benefits, although these methods are usually only 
found in clinical settings. The first is passive leg exercise where the paralyzed limbs are moved in 
common biomechanical ways either by the strength of other limbs or by a motor, with one example 
being AAPLE machines. The second method builds on passive exercise by adding Functional Electrical 
Stimulation (FES) to cause the muscles to fire in timed intervals to perform synchronized exercise 
movements, thereby potentially providing an even greater cardiovascular stimulus. Unfortunately, FES, 
in particular, is expensive, time consuming, and needs expert therapists to help administer.  

Machines that incorporate an electric motor to assist the arms and rotate the feet increase the 
number users that meet the threshold power input to use the machine because of the assist. Though, 
the motor and electronics needed, increase the complexity and the cost. These include the THERA-
Trainer tigo 530, MOTOmed viva2 and the Saratoga Gold Hi-Lo. This design path also assumes the user 
has access to consistent electricity, e.g. a difficulty in a low-resource environment.   



An option with high potential to be cost effective and readily accessible is an AAPLE device. Only a few 
AAPLE machines are currently available on the market. These include the SCIFIT Inclusive Fitness Pro2, 
and the BerkelBike Fitness. Neither of these machines offer supine use in bed. However, the YouBike 
does offer supine use, but it has limited resistance and flywheel features that make its use less smooth. 
Despite these machines allowing passive exercise for the lower limbs, which is the main function of this 
design project, these products also reveal the main concern with the current products on the market 
right now—cost. No options that cost less than $2000 are believed to be currently available; this factor 
alone limits access to these machines.  

Methods and Solutions Considered 
In order to address all the issues brought up in the problem statement, it was necessary to look at 
designing from several different viewpoints. It became clear fairly quickly that there were two feasible 
design approaches that could be used in conjunction with each other: designing low-cost components 
from the ground up when needed, and utilizing existing, readily-available bicycle parts. 

Bicycle parts allow the cost of the machine to be kept down because they are readily available and are 
well suited to accomplish specific functions in the design. This will also result in easier repair should 
any of the bike components break or wear out. In the cases where bike parts could not serve the 
function required, new components were designed to fulfill said function. It is also thought that 
common 10 speed style bicycle frames should be available in many developing countries; although 
other types of frames could be used too if these are found to be more common. 

For every function of the exercise machine, many options were considered, putting special emphasis 
on using bike parts in creative ways and combining functions if possible. In this sense, it was decided to 
use regular bicycle cranks and bottom brackets as the input interfaces at the hands and the feet. Due 
to the cost, availability and ease of adjustability of length, bicycle chains were chosen over belts or 
linkages to drive the machine. 

For the resistance, using the original bicycle brake was considered, however it was found to be 
impractical as a result of the size constraints (having to ensure sufficient clearance for the wheel), 
wear, and general effectiveness being poor due to mechanical friction limiting the inertial smoothing 
effect of the flywheel. A resistance band was also thought to be an option, but it had many similar 
downfalls as the bicycle brake. Ultimately it was decided to use an eddy current brake system, drawing 
inspiration from various exercise machines and stationary bike trainers, due to its simple yet effective 
design. Furthermore, an eddy current brake requires no input electricity and can be easily adjusted 
mechanically with a bicycle shifter. Magnets from old computer hard drives were used to induce the 
magnetic field. These can be acquired for free from discarded equipment or very inexpensively.  

The resistance mechanism is the most complex mechanism on the entire machine. The added 
complexity is justified by the added functionality it provides. It is needed to allow for a more intense 
workout and to be of use to a much greater range of users. With no resistance the exercise machine is 
well suited for individuals just starting out or with decreased strength, or simply as a movement or 
“range of motion” machine. The resistance provided only from the legs can be easily overcome by the 

http://www.scifit.com/product/ifi-pro2/
http://www.berkelbike.com/products/berkelbike-fitness/
http://www.youbike.co.nz/


arms. If an even easier resistance is required, the foot pedals can be removed converting the exercise 
machine into an arm-only setup. The eddy current brake can still be used to increase the resistance if 
needed.  

Even though this design centered around users with SCI, it may also be used by others. Due to the fixed 
gear design, the legs may also be used to power the arms. This also applies to users with hemiparesis, 
where one side could be used to power the other.  

Final Approach and Design 
The final design approach for the exercise machine is a 
combination of ground up design and the integration of 
existing bicycle parts wherever possible. The machine in its 
entirety is shown in Figure 1. The idea behind the design will 
lend itself to a ‘kit’ type of product that will include any 
specialized components that were designed specifically for the 
machine. In theory, a customer will be able to acquire a kit and 
from there, modify an existing bicycle to serve as an exercise 
machine. For bulkier and heavier components, such as the 
base, that could prove difficult or expensive to ship, detailed 
design plans could also be given in order for the customer to 
fabricate these parts. This may be particularly appealing in 
parts of the world where cost is even more important. The 
custom components have been designed out of materials that 
are easy to work with and do not require any special 
fabrication machinery or tools. This means that should 
anything break on the machine, it ought to be easily repairable 
or easily replaced. 

The geometry and various attachment points of a generic 
bicycle frame were used to create an exercise machine that 
functions correctly. By having the user’s feet rotate about the 
bottom bracket (Fig. 2), and with the simple clamping 
mechanism that attaches the rest of the drivetrain to the head 
tube (Fig. 3) it was possible to create enough space for the 
machine to be used comfortably. To keep the critical mounting 
point at the rear dropouts simple, only the telescoping seat 
posts were attached (Fig. 4) 

The machine is chain driven and purely mechanical (it is 
completely user driven, no assistance is offered). The base is used to stabilize the machine and is 
mounted on the chain stays of the frame (Fig. 4). This creates a desirable rotation point when adjusting 
the angle of the machine, and leaves clearance for the foot pedals when lowered for bed use. Seat 
tubes and seat posts, attached to the rear dropouts, add additional stability and also lock the angle of 

Figure 1 View of overall device 

Figure 2 Main human interfaces of RehCycle 
machine, wheelchair use position 



the machine in place through a simple quick release mechanisms (Fig. 4). A simple strap cinching the 
wheelchair and the base to each other provides added stability, prevents backwards tipping and 
separation. 

Referring to Figure 3, the eddy current brake mechanism uses old hard drive magnets mounted on a 
section of square tubing placed on either side of an aluminum plate. The magnets pivot to adjust the 
overlap on an aluminum plate in which the eddy current is induced to cause drag in the system; the 
greater the overlap, the higher the resistance. A gear shift lever is placed for easy adjustment by the 
user (Fig. 3) 

 

 

 

 

 

 

 

 

A bungie cord hook can be placed in-between every second chain link. This allows the user to lock the 
foot pedals at many different places to ease placing and securing their feet on the pedals. A simple 
orthotic boot and Velcro strap is used to align the legs and secure them to the foot pedals (Fig 2 and 5). 
A cheap plastic version could be made for a production version. Simple mounts were fabricated to 
attach the orthotics to the existing pedals. 

Outcome 
The fabrication and assembly of an alpha prototype was 
completed on May 25, 2016. This allowed for verification that 
the overall design is functional and working, in particular 
demonstrating that the design is stiff and stable enough to 
allow for full exertion during exercise. We also demonstrated 
seated use in a wheelchair (Fig 2.), and use in supine position 
(Fig. 5). 

Testing with able bodied people was done throughout the 
design process to give a general idea about fit, usability and for 
safety reasons. When the design was more refined one of our 
faculty supervisors, a person with SCI who uses a wheelchair, 

Figure 4 Pivot point, frame clamp, rear dropout 
mount and quick-release telescoping members 

Figure 3 Upper drivetrain: Eddy current brake mechanism, flywheel 
 and simple connecting clamp 

Figure 5 Use of machine in supine position 



then tested the excise machine. The main functions of the exercise machine were confirmed from this 
testing (see Fig. 2, and https://bcit.sharefile.com/d-s04ea599f2d04d0bb).  Setup, loading and use was 
done completely independently by the user. Improvements to the design were also noted and 
incorporated into the design in the following months. One improvement was to lower the entire main 
bicycle frame, making the wheelchair position more stable, while still allowing for bed use. A strap (see 
video) connecting the base to the wheelchair was also added to further increase the stability of the 
user.  

Hand crank position was also changed. It was raised and brought horizontally towards the foot pedal 
rotation point, this allowed the user’s position to be more ergonomically appropriate and comfortable. 
The original position caused the user’s legs to be too extended. New Velcro straps were also 
incorporated to ease the securing of the legs into the orthotic boots.  

The figures display the most current iteration of the prototype, which consists of all major components 
of the machine and its improvements from testing, including: the steel base frame, hand and foot 
cranks and grips, adjustable eddy current brake, flywheel, pivots, telescopic adjustment columns, bike 
frame and bicycle chains.  

Cost 
One of the major themes of this project was maintaining a cost efficient product while not losing out 
on effectiveness and performance. This was also a major challenge in the design process; in order to 
maintain a low cost for the user of an AAPLE bike, common, globally available, mass produced parts 
had to be chosen for the majority of the design. For this reason, custom parts were kept to a minimum 
unless required, and then simple manufacturing methods were utilized. Lastly, materials used were 
taken into consideration for both ease of assembly in different parts of the world and cost of shipping 
related to unit weight. The prototype cost $124.87, a breakdown of the cost can be seen below 
in Table 1, with the individual materials and parts itemized. Expected cost of a production version of 
this design can be calculated in two ways. We are assuming a volume of 100 units in this estimate. 
First, in North America, assuming labor cost of $30 per hour, and material to replace the bike frame, 
this would cost $200. Multiplying by 3 would give an estimated retail price of $600. In a developing 
world scenario, the cost of metal and materials would be greatly reduced; a rough estimate is 50% 
($60) compared to North American suppliers. If a recycled bicycle frame and low-cost fabrication is 
available, an estimated cost is then $100. 
 
Table 1 Approximate cost breakdown 

Part Supplier Cost 

Fasteners, casters and pins McMaster/Acklands Grainger  $         40.05 
Barstock, extruded steel profiles, and flat plate Metal Supermarket  $         57.82  
Non-donated bicycle parts Community Bike Shop  $         27.00  
Donated bicycle frames, cranks, pedals, and chain Community Bike Shop  $         0.00 
 Total material cost  $         124.87  
 Total North American retail cost  $         600.00 
 Total developing world cost  $         100.00    



 Significance 

Evidence shows that AAPLE and other types of hybrid exercise can contribute to cardiovascular health 
and overall health. For instance, one study of a single patient followed for 6 weeks showed that by 
coupling upper body exercise with passive leg movement resulted in a much better cardiorespiratory 
response than just upper body exercise alone [1][2]. Other advantages that AAPLE has over other 
forms of exercise are: the small amount of time required for a person to get set up and exercising, 
and the ability to use machines that don’t require “specialized parts” or expertise such as is needed 
with FES. 
 
Hence, this project aimed to design an AAPLE machine that balances cost and effectiveness. Current 
machines available in the market are prohibitively expensive or unnecessarily complex for people with 
spinal cord injuries or other impairments, certainly in developing countries and even to most home 
users in North America. This project could lead to a low cost product that could be used to potentially 
offset some of the secondary side effects of such injuries, improve people’s quality of life and health, 
and further promote research on the benefits of passive leg exercise.  
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Links 

SCIFIT Inclusive Fitness Pro 2: 

 http://www.scifit.com/product/ifi-pro2/ 

BerkelBike Fitness: 

 http://www.berkelbike.com/products/berkelbike-fitness/ 

YouBike: 

 http://www.youbike.co.nz/ 

 

THERA-Trainer tigo 530 

http://www.medicotech.co.uk/thera-trainer-tigo-530.html 

 

MOTOmed viva2 

http://www.motomed.com/en/models/motomed-viva2.html 

 
Saratoga Gold Hi-Lo 

https://www.indemedical.com/Saratoga-Gold-Hi-Lo_p_3727.html 

http://www.scifit.com/product/ifi-pro2/
http://www.berkelbike.com/products/berkelbike-fitness/
http://www.youbike.co.nz/
http://www.medicotech.co.uk/thera-trainer-tigo-530.html
http://www.motomed.com/en/models/motomed-viva2.html

