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1. Study Aim, Background and Design 
Over 600,000 people in the US had a major lower limb amputa�on in 2005, and that 

number is expected to double by 2050 [1]. Within this popula�on, up to 44% of individuals 
are classified as low mobility prosthe�c users or below (described subsequently) [2]. Major 
lower limb amputa�ons are defined as those with at least an ankle amputa�on, and as such, 
all these individuals require at least an ankle prosthesis to restore ambulatory mobility. 

The Centers for Medicare and Medicaid Services (CMS) defines a range of Medicare 
Func�onal Classifica�on Levels (MFCLs) through the Healthcare Common Procedure Coding 
System (HCPCS) to categorize mobility levels for individuals with lower limb amputa�on 
(ILLAs) [3]. These levels, which range from zero to four, are referred to as K-levels. The HCPCS 
also includes codes for prosthe�c and ortho�c devices, prefixed with the leter ‘L’, and known 
as L-codes. This classifica�on aids in medical coding for reimbursement, as different K-levels 
qualify for different L-codes. Although intended for Medicare use, private insurers use these 
guidelines to determine whether to reimburse for services or devices, and how much to pay 
for them. Consequently, the devices for which an individual is deemed eligible are determined 
by their mobility level. 

A cri�cal dis�nc�on between mobility levels is the transi�on from K2 to K3. The 
dis�nguishing feature of the K3 mobility level is “the ability or poten�al for ambula�on with 
variable cadence” [3]. An individual who qualifies as K3 is able to access a wider range of L-
codes, and, in turn, more advanced devices. However, the nature of the prosthe�c 
interven�on affects the ease with which someone can vary their cadence. Furthermore, MPC 
prostheses have been shown not only to help K2 users transi�on to K3 [4], but also to improve 
safety measures [5, 6] that are equally, if not more, relevant to the K2 popula�on. 

Synchro Mo�on, LLC developed a novel MPC ankle that is based upon actuator technology 
originally from Vanderbilt University. Because of its unique actua�on scheme, the prosthesis 
can behave as: (1) a lockable conformal damper, (2) a variable set-point spring, and (3) an 
ac�vely reposi�onable joint. The inves�gators therefore refer to the device as the damping, 
s�ffness, and reposi�oning (DSR) ankle. Compared to a fully powered prosthesis, the DSR 
ankle is small, lightweight, quiet, and runs for mul�ple days on a single charge. 

The aim of this project is to conduct a preliminary inves�ga�on into the poten�al mobility, 
stability, and safety benefits of the DSR prosthe�c ankle-foot for persons with amputa�on at 
a K2-level. Although the DSR ankle was originally developed for K3/K4 individuals with lower 
limb amputa�on (ILLAs), the inves�gators hypothesize that the DSR ankle may also benefit K2 
ILLAs. The Center for Bionic Medicine (CBM) at the Shirley Ryan AbilityLab (SRALab) in Chicago 
and Synchro Mo�on have partnered in order to perform a pilot study to quan�fy the 
effec�veness of the proposed ankle as compared to a predicate non-MPC ankle in improving 
performance for K2 individuals with lower limb amputa�on. 

 
2. Par�cipant Popula�on 

The par�cipant popula�on consists of adults (aged between 18 and 89 years) who have a 
unilateral trans�bial amputa�on and who are able to wear and use a prosthesis and who 



currently use a passive, non-MPC prosthesis. All subjects are expected to be healthy 
individuals. The proposed study will require subjects to be fited with the DSR ankle, using 
their own socket, and to receive training using both their own prosthesis and the DSR ankle. 
Subjects will be recruited from the prosthe�cs and ortho�cs clinic and physicians at the 
SRALab or through an SRALab registry lis�ng individuals with amputa�ons who are willing to 
par�cipate in research. They may also include people who have previously taken part in 
research projects at the Center for Bionic Medicine (CBM) or SRALab. Subjects will undergo 
prosthe�c fi�ng, training, and outcomes tes�ng at the SRALab. 
 

3. Study Procedures 

Subjects will be recruited and provide informed consent before enrolling in this study. 
Once the subject has given writen consent to par�cipate, a clinician will interview the 
subjects and do an appropriate exam with respect to the amputated limb and their ability to 
use a prosthesis. Subjects will be examined to determine the range of mo�on and strength in 
all of their extremi�es including the amputated limb. We will obtain a brief medical history, 
indica�ng when their amputa�on was performed and what type of prosthesis and assis�ve 
device they use. Subjects will also undergo a brief physical exam to ensure they meet the 
inclusion criteria, and we will collect residual limb measurements and obtain subjects’ weight 
and height. 

The DSR ankle will be atached to the par�cipant’s own socket (par�cipants will each have 
at least 2 visits for device fi�ng). For each ankle, subjects will receive approximately 4 training 
sessions over two weeks (1-2 per week), followed by a 3-4 assessment sessions. All training 
and tes�ng will take place in the laboratory. A�er tes�ng with the first device is complete, 
there will be a 2-week washout before training and tes�ng on the second device.  

No specimens will be obtained from subjects. We will obtain informa�on from standard 
performance measures and pa�ent-reported measures. All data will be collected at the 
SRALab. 

 
4. Sta�s�cal Analysis Plan 

This is a preliminary pilot study intended to gather the ini�al data necessary for proper 
sta�s�cal design and power calcula�ons in a subsequent Phase II proposal. Because pilot data 
has not yet been collected on the target popula�on, power calcula�ons are not currently 
possible. Furthermore, since the number of subjects in this study is small, the sta�s�cal power 
from this study on its own is likely to be low, but it is hoped that the results will jus�fy a Phase 
II study that is likely to achieve sta�s�cally significant results with a reasonable sample size. 

 
5. Research Risks 

The risks of the experimental part of the study are small.  
• The largest risk is the risk of falling, which is a risk for all lower limb prosthesis users.  
• Other risks include minor skin irrita�on, minor muscle soreness, and fa�gue.  



• There is some risk that subjects’ iden��es may be revealed as a result of par�cipa�ng 
in this study.  
• There are no other known social, legal, or other risks in these experiments.  

 
6. Funding Sources 

This work is funded by the Eunice Kennedy Shriver Na�onal Ins�tute of Child Health and Human 
Development through a Phase I STTR award. 
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