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Executive Summary

An adaptation is required for current myoelectric prostheses to allow for biomimetic muscle
control of hand posture. Current systems allow for hand motion to fixate at the point when
muscle activation ceases, rather than requiring continual muscle activation to maintain hand
posture. To allow for more biomimetic control, a force-based controller is being created that can
adapt these velocity-based systems and force a different course of feedback within the prosthetic
hardware. This design is being incorporated into a cutting edge prosthesis system currently
involved in in-home trials that restores neural-sensory feedback to amputees, but is not currently
in the commercial space. Therefore, the novelty of the work described below will be maintained
within the larger scope of this prosthesis development. The designed controller will be a
universal and adaptable addition to myoelectric prostheses that will allow for amputees to obtain
realistic hand function and motor control. This system is currently in development with defined
hardware and algorithm relationships that will shape all design aspects moving forward. Using
literature regarding algorithm development, mentorship from an advising team at Case Western
Reserve University, and resources at Vanderbilt University we are confident that we can
fabricate, test, and validate this controller. Myoelectric prostheses are not considered medically
necessary, as there are options for prosthetics that do not restore sensory feedback and motor
control to the patient. This will have to be kept in mind as the design process continues as cost
effective materials and minimized hardware requirements will have to be incorporated for
potential product market development. With the FDA classifying powered prosthetics as Class |

devices, no premarket approval process is anticipated. This will increase the speed at which this



device could reach the 25,000 arm amputees in the U.S. (with the projected market size for
myoelectric prosthetic arms being $276.9 million by 2025).
Description of the Problem

Widespread dissatisfaction can be observed among users of current commercially
available myoelectric prostheses due to a lack of fine motor control and sensory feedback. These
factors lead to a sense of disembodiment between the amputee and their prosthesis and often
results in abandonment of the prosthesis. A team of researchers at Case Western Reserve
University and Louis Stokes Cleveland VA Medical Center created a solution to this prevalent
problem by successfully designing a prosthetic-integrated sensory system to restore natural
neural feedback systems. This solution is currently transitioning to in-home experimentation.

Fine motor control is central to these in-home studies, and a prosthesis with a control
system that replicates intact musculature is warranted. Current myoelectric prostheses operate on
a velocity based system where hand posture is maintained by the cessation of active motor drive,
which does not replicate the natural musculature control system. Because of this, velocity based
commercially available myoelectric prostheses cannot be used as a fully accurate comparison for
motor control functionality of these systems and a more biomimetic control system is needed.
Objective Statement

As stated above, the feedback system that currently exists between muscle contraction
and the activation of a myoelectric prosthesis requires manipulation. The proposed design will
allow for the control of any pre-existing myoelectric prosthesis to be converted into a
force-based feedback loop where realistic muscle activation allows for biomimetic hand

posturing and grip. By creating a force-based controller for myoelectric prostheses, several



different current prostheses shortfalls will be overcome. First, the natural muscle activation that
is required for hand posture manipulation will be utilized for all hand positioning allowing its
natural function to be maintained within amputees. Second, the force of contraction will be
controlled by the user through continual muscle activation limiting unnecessary or excessive
hand contraction during object manipulation.
Potential Market

The primary customers and end users of this device would be hand and arm amputees (at
or below the elbow). Currently, there are approximately 2 million amputees in the U.S., with
around 500 amputations occurring each day. Based on data from 2016, the powered prosthetic
market size is about $760.9 million dollars and is predicted to grow to $839.2 million by 2025.
Of this market, about 33% is for upper body prosthetics [6]. This could yield a $276.9 million
dollar market for our force-based myoelectric prosthesis. As of 2014, there were around 25,000
arm amputees in the U.S., many of whom would could qualify as potential customers [7].

Myoelectric prostheses vary in cost, and can range from $9,000 to $40,000. Many
advancements are being made in 3D printing and alternative, low-cost fabrication methods, so
we could anticipate the price lowering [8]. Cost can be a major barrier to entry for many users.
Since many amputees can still carry out the majority of necessary daily activities with their intact
limb, they often desire prosthetics for aesthetic and cosmetic purposes, rather than for their
biomimicry and functionality [8].

Based on the cost of materials for this product so far, we could imagine the entire
artificial limb with our adaptor costing around $35,000/unit. Primary distribution channels would

include medical device retailers, hospitals, and prosthetists. Ideally, we would want to keep



prices under $40,000 to make it more economically viable and medically efficacious in the eyes
of our distribution channels . More fundamentally, we would want to keep costs reasonable so
that a greater number of people could benefit from a more physiologically-accurate, force-based
prosthetic.

Patent Search

Overview: A preliminary patent search yielded a fairly open patent landscape for this device.
Among the patents found and considered relevant, the claims used were specific to the
mechanical hardware design of the device or use nomenclature specific to their application (i.e.
specific names for coordinate systems). Based on this, a system and algorithm described above
can be developed that does not infringe on the found patents.

Search Terms Used: (upper limb prosthesis) AND (force controller); (upper limb prosthesis)
AND (force-based controller) AND (pattern recognition); (upper limb prosthesis) AND

(force-based controller) AND (hand posture); (continuous myoelectric control) AND (arm

prosthesis)

Search Patent Number Analysis

Terms

Reference

1 US20160331561A1 The claims contained in this patent pertain to the
sensory feedback aspect of the prosthesis instead of the
controller, so it is not applicable.

2 US20120004736A1 The claims are worded towards a lower extremity
prosthesis and pertain to volitional control of the
prosthesis during non weight-bearing activities

3 US20130338540A1 The claims surround the use of pattern recognition
algorithms to interpret EMG signals and produce
an more fluid-like motions than currently available
prosthesis controllers.

4 US7313463B2 The claims present a postural stability controller for a




prosthesis or robotic appendage, but are more guided
towards development of the linear model than their
application to a force-based controller.

5 US20160074181A1 The claims describe a method for mapping an EMG
signal to a posture control space of a hand and a
subsequent translation of that to a joint angle that
is actuated by the prosthetic hand.

Documentation of the final Design

This device will be utilized in the clinical in-home trial of a pre existing myoelectric
prosthesis, therefore many different documentation methods will be required during and
throughout the design process. A device master record, all instructions for product use, a device
history file, step-by-step illustration of the design process, and a software design documentation

file will be found at the following link:

https://my.vanderbilt.edu/forcebasedprosthesiscontroller/. Each of these documents will be kept
according to the FDA requirements regarding medical device design and implementation, with a
device history record being created if this system were to begin manufacturing outside of the
current project scope.

A risk analysis for the safety of the users of this device can be found below. The
probability of the safety event occurring was ranked from 1, extremely unlikely, to 10,
guaranteed occurrence. The severity of the safety event was ranked from 1, no harm to the user,
to 10, fatal. The presented risks are outweighed by the increased posture control and biomimetic
muscle activation that will manipulate the prosthesis. Each of the identified risks will be

minimized by the correct documentation and standards testing as listed above.

Table 1: Risk Analysis of force-based myoelectric prosthesis controller

Risk Cause Consequence Occurrence | Severity



https://my.vanderbilt.edu/forcebasedprosthesiscontroller/

Loss of Motor -Incorrect translation of muscle activation | Amputee will lose all motor 6 4
Control through system function supplied by the
-Disconnection between controller prosthesis causing day to day
addition and prosthesis difficulties.
-Loss of power to controller
Interruption of -Disruptive interaction between controller | Loss of motor control from 2 7
Neuro-modulation | and implanted electrodes interruption in implanted EMG
-Unnecessary manipulation of control. Possible health risks
neuromodulator attachment given internal interaction of
implanted electrodes
Immunological -Immune reaction to EMG electrodes or Discomfort to the user, as well 5 7
Reaction hardware addition around amputation as, possible inadvertent medical
consequences from immune
activation.
Electrocution -Power source malfunction or unintended Possible burns and/or other 1 9
exposed wiring inadvertent medical
consequences to the user

Prototype of final design

A prototype is not yet in development, but the following includes our initial design

considerations. The myoelectric prosthesis being using for the process development is an

Ottobock device obtained Case Western Reserve University. The current system of

implementation was developed by the Functional Neural Interface Lab run by Dr. Dustin Tyler.
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Figure 1: Block Diagram of initial design including EMG signal conversion and muscle contraction to hand posture relationship.
This block diagram will translate into the hardware implementation of the prototype.
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Figure 2: Flow diagram of possible Intent Interpretation Algorithm. This process involves data segmentation, feature extraction,
feature projection, and actuation output in a self-contained algorithm.

Proof that Design is functional

If we were to prove that our design was functional, we would need data for each of the
three main components. Firstly, for the EMG signal conversion, we would need to collect EMG
data using the muscles of initial subjects. This data will be used to create the initial signal
conversion. After this, we will need to create a way to form a phantom model to test these
conversions. In this model, we will need to create a way to input signals of known hand posture
intentions, and see if the correct output is achieved. Another way to accomplish this would be to
use amputees as test subjects. This would allow amputees to move certain muscles and inform us
of their intended actions. We could then use this to determine the outputted signal and how
closely it models the intended output. Since this is a realistic scenario, it will be the best metric to

test functionality; however, there are many guidelines and regulations for human testing. For



muscle contraction vs. hand posture, similar methods will need to be used to test for accuracy.
First, we will need to map muscle contraction vs hand posture using initial subjects. Then, using
either a phantom dataset or subjects with amputations, we will need to determine the accuracy of
muscle contraction in relation to the corresponding prosthesis reaction. Finally, in terms of the
algorithm, we will initially need to create it using a baseline dataset. Then, integrated with the
hardware of the system, we will need to test how well this algorithm converts a digital input into
an output in the prosthetic. We will need to make sure this algorithm works on multiple datasets.
After we have confidence in the accuracy of the algorithm, we will need to see how well it
converts the device input into an accurate output. To do this, we will most likely need to test the
whole system on a human subject. This would allow us to see if the prosthetic as a whole
actually reacts in the way we intended. Also, this would allow us to determine how large the
learning curve of the device as well as how precisely the device can be used.
Estimated Manufacturing Cost

Expected costs involved in manufacturing our device currently include the purchase of an
EMG microcontroller, an arduino, a 12V battery, and a 12V to 5V converter. Approximate costs
for those materials include $40 for an EMG microcontroller [1], $35 for an arduino [2], and
about $20 for the battery and converter [3]. With shipping, the raw cost of materials should be
around $100. As we progress through the project, it is likely that we will need more materials
for prototyping and modeling, but these should not present significant additions to the total cost.
There is also a slight possibility that we will have to find an alternate way to charge the

prosthesis, in which case there will most likely be a sizable addition to the expected cost. The



total prosthesis cost will not be accounted for within this project as it is being provided by an

outside source.

Reimbursement

The prosthesis being modified by our device may be covered by insurance depending on
whether or not the company deems the device a “medical necessity” based on references from a
doctor or a certified prosthetist [4]. It is unlikely that our device will be considered “medically
necessary” since the velocity-based myoelectric prosthetic systems that we are modifying can
theoretically perform the same tasks even without the addition of our device. Because of this, our
goal is to design this device in such a way that it will not present a significant financial burden to
any patient that would prefer a force-based system.
Anticipated Regulatory Pathway

Because there are a variety of commercially-available powered and mechanical
prosthetics, it is believed that this device should not require pre-market approval (PMA). Since
this 1s a joint effort between our team and Case Western, it is understood that they will be
responsible for bringing the product or certain components of this project to market. Many
similar devices in this space have been approved in the past, so the process should be expedited.
As of April 2018, the FDA classifies “external limb prosthetic components” as being Class I
devices. These devices include but are not limited to “ankle, foot, hip, knee, and socket
components; mechanical or powered hand, hook, wrist unit, elbow joint, and shoulder joint

components; and cable and prosthesis suction valves [5].” Although this prosthesis mostly falls



under the criteria outlined above, it may require 510(k) approval because it will integrate and
relay tactile feedback to the user via electrical stimulation.
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