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Introduction   

The BADER Consortium 

The overarching goal of the BADER Consortium is to Bridge Advanced Developments for Exceptional 
Rehabilitation.  The BADER Consortium is a multi-institutional Consortium that works in concert and partnership 
with military Medical Treatment Facilities (MTFs), Veteran’s Affairs Centers, Academic and Industry leaders to 
conduct innovative, high-impact, clinically relevant research to further strengthen evidence-based orthopaedic 
rehabilitation care that results in optimal functional outcomes for each wounded warrior.  

The success of the Consortium relies on strong partnerships with military Medical Treatment Facilities, the VA 
and non-government entities in each of the following strategic areas to: 

1. Strengthen and support orthopaedic rehabilitation research capabilities:
• infrastructures and cultures
• partnerships

2. Conduct a variety of innovative, high impact, and clinically relevant research studies
3. Establish a self-sustaining research enterprise

• Broaden the scope of impact and support for the BADER Consortium

This report describes how the BADER Consortium has made progress based on the approved Statement of Work 
for the period September 30, 2016 – September 29, 2017. 
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Research accomplishments to date based on Statement of Work 

Administrative Core: 

Task 1: Financial Support and Oversight: 
1a. Provide oversight of the overall Consortium budget including auditing for allowable expenses, managing 

re-budget requests and preparing all required financial reports 
1b. Ensuring all Military Treatment Facilities (MTFs) receive infrastructure support as required including 

procurement of materials, personnel, equipment  
1c. Manage costs supporting the Cores and Clinical Study Sites 
1d. Perform quarterly financial audits for compliance  
1e. Maintain files for internal or external audit purposes  

• Provided manuscript/publication support costs for BAMC and WRNMMC.
• Continued to support the procurement of feet/boots for the Schnall study.
• Quarterly review of the BADER Consortium finances resulted in zero audit findings.
• Provided financial oversight of the Consortium.
• Maintained complete and accurate files for internal and external auditing purposes.

Problem areas related to this task: 

• Resources to keep Scientific Technical Cores operational have been depleted.

• Delays in invoicing by subcontractors puts overall award spending behind resulting in excess cash on
hand for select BADER funded research projects.  Subcontractors are reminded to bill in a timely
manner. With all research projects now fully approved and enrolling subjects, we expect to see a
significant uptick in expenses.

Task 2:  Human Resources Support and Oversight 
2a. Manage Human Resources function including recruitment, on-boarding, facility/system access, annual 

performance appraisals, and handling benefits questions  
2b. Provide support as needed for labor relations actions  
2c. Manage payroll function for UD employees (at UD and MTF sites)  
2d. Work with Steering Committee to develop appropriate job descriptions 
2e. Manage recruitment activities of personnel  

• Effective September 30, 2017, all CRC staff have transitioned to non-BADER positions.

• WRNMMC Protocol Coordinator position was vacated effective Jan 6, 2017.  We received a request from
Dr. Dearth to replace the position.  We issued a subcontract to the Henry M Jackson Foundation to fill
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the position with a 50% FTE of an existing HMJF contractor to complete the BADER projects at 
WRNMMC. 
 

• Proposed changes to the Federal Fair Labor Standards Act in the Fall of 2016 affected four BADER staff 
members.  The University opted to follow through on the proposed changes and the four affected staff 
were notified.  This did not change their employment status at the University. 
 

• Status update on all previously hired CRC field staff (N=17): 
• 53% or 9 have transition to MTF positions (3 EACE; 6 other MTF contracts) 
• 23% or 4 have transitioned to civilian clinical research settings 
• 6% or 1 has been accepted to graduate school 
• 12% or 2 have transitioned to a university research office or teaching 
• 6% or 1 has transitioned to a government position (FDA) 
 

Table 1:  Status of BADER funded positions. 
 

Position Location Current Status 
Director, Administrative Core University of Delaware Filled, part-time 

Manager, Clinical Research Core University of Delaware Filled, part-time 
Administrative Assistant University of Delaware Filled,  part-time 

Consortium Protocol Manager University of Delaware Vacant, not filling 
Research Associate WRNMMC HMJF contractor, part time 

Laboratory Engineer NMCSD Vacant, not filling 
Research Associate NMCP Vacant, not filling 

Physical Therapy Assistant BAMC/CFI Vacant, not filling 
Protocol and Data Coordinator WRNMMC Vacant, not filling 
Protocol and Data Coordinator NMCSD Vacant, not filling 
Protocol and Data Coordinator NMCP Vacant, not filling 
Protocol and Data Coordinator BAMC/CFI Vacant, not filling 

Research Associate NMCP Vacant, not filling 
Research Physical Therapist NMCSD Vacant, not filling 

Limited Term Researcher NMCSD Vacant, not filling 
 

 
Problem areas related to this task: 

• All CRC staff positions in direct support of MTF research expired on September 30, 2017 due to 
depletion of funds.  During this period of performance, news that the proposal to continue BADER 
efforts was not recommended for funding, we began to lose essential staff early in the period.  While 
select staff have transitioned to EACE positions, others have left to pursue non-MTF opportunities.  This 
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leaves major gaps with these highly trained professionals leaving and does not bode well for the future 
of MTF orthopaedic rehabilitation research efforts. 

Task 3:  Reporting Coordination and Management: 

3a. Request, coordinate and submit all required technical reports 
3b. Preparation of all required financial reports 
3c. Develop templates for reports to ensure consistency 

• Submitted required technical reports.
• Submitted required financial reports.

• Military Medicine Supplement:   Cecere FA, Stanhope SJ, Kaufman KR, Oldham BW, Shero JC, Mundy JA,
guest editors. Raising the Bar: Extremity Trauma Care. Military Medicine 2016 Nov;181(S4):1-80.

This publication highlights the three major partnering entities currently supporting orthopaedic 
rehabilitation research. Today’s military health system provides complex extremity trauma care to help 
injured service members reach their highest level of function. Wounded soldiers have access to 
technologies and multidisciplinary care that makes it possible for them to reach optimal outcomes. Those 
advances are possible because of critical synergies that exist between programs that are operating 
through the Department of Defense (DoD) and the U.S. Department of Veterans Affairs (VA). They 
provide complementary rather than competing care that begins at the point of injury and continues for 
the rest of a patient’s life. The Extremity Trauma and Amputation Center of Excellence (EACE) was created 
as a joint enterprise between the DoD and the VA to develop a comprehensive strategy to optimize 
quality of life for service members with traumatic injuries. The Center for Rehabilitation Sciences 
Research (CRSR) was established to advance the rehabilitative care for service members with combat-
related injuries while also educating the next generation of military medicine professionals. The Bridging 
Advanced Developments for Exceptional Rehabilitation (BADER) Consortium was developed to further 
establish research infrastructures and investigators at DoD and VA sites and to launch a series of multi-
team clinical research initiatives. These programs operate independently, but they are designed to be 
interdisciplinary and collaborative in nature. Together, they provide a unique opportunity to strengthen 
DoD/VA research programs and influence the long-term direction of care for this unique patient 
population. It is through this larger coordination, military health professionals will continue to raise the 
bar in the development and implementation of the new normal for service members with extremity 
trauma.   The cost to the BADER for this second in a series, 80 page, 13 article, Military Medicine 
Supplement publication was approximately $32,000. 
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Problem areas related to this task: 

• None reported.

Task 4:  General Administrative Support: 
4a. Coordinate meetings, calendars, travel, etc.  
4b. Facilitate communications across Consortium 
4c. Prepare administrative documents  
4d. Coordinate all official BADER correspondence 

• Dr. Stanhope and Ms. Strickland travelled to Ft. Detrick on October 12, 2016 to provide a status update
to Drs. Redington and Green-Parker.

• Submitted a revised request for second no cost extension (NCE) to cover the period 09/30/2017 –
09/29/2019.  The second NCE was necessary as all five active BADER funded project PIs requested an
additional NCE period to complete their projects.

• Supported travel for Dr. Stergiou to WRNMMC to participate in research collaboration meetings with Dr.
Dearth and his team.

• Continued to highlight BADER activities through social media.  (Please note:  The Communication
Specialist position and related activities are supported by F&A dollars, not direct funds)

• Transitioned Jason Wilken’s BADER projects in response to his new position at University of Iowa.  Drs.
Stanhope and Milbourne participated in multiple teleconferences with EACE regarding the transition.

• Supported BADER Consortium participation in the 2016 AMSUS meeting.  The 2016 AMSUS Meeting
took place from 29 November – 2 December 2016 at the Gaylord National Resort and Convention Center
just minutes from Washington, DC.  The theme of the meeting was “Raising the Bar”.  The meeting
provided a platform for shared accomplishments, research, and strategies for the future of our “new
normal” in healthcare as Federal Health Systems take their efforts to the next level of inter-professional
collaborative practices.  Space was preserved on the program schedule for BADER to provide updates on
current projects and continue the visioning for the O&P profession.

• At the AMSUS meeting, the BADER Consortium shared a booth with the Thought Leadership and
Innovation Foundation.

• At the AMSUS meeting, the BADER Consortium sponsored – the entire cost and coordination – of the
booth occupied by the Extremity Trauma and Amputation Center of Excellence (EACE).

• Provided financial support to WRNMMC for abstract submissions.
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Problem areas related to this task:  

• All strategic operational components of the BADER Consortium have been presented to the MTFs and
EACE for transition by the end of BADER funding.  These concepts were presented to EACE and MTFs on
June 22, 2016 and as of this report, we have not received any official response with regards to
transferring BADER infrastructure mechanisms.

• Continuing to support the MTFs at the highest possible level without them feeling abandoned as BADER
activities begin to shut down.

• Recent policy changes have made it difficult to travel government employees to scientific meetings.

• The delayed lack of response from USAMRAA regarding our no cost extension request caused angst
among staff and PIs.

Task 5:  Policies and Procedures: 

5a. Develop, implement and ensure compliance of all SOPs for The BADER Consortium 
5b. Ensure compliance with all existing policies and procedures 
5c. Create a policy and procedure manual to be distributed to all BADER stakeholders 

• This task is complete.

Problem areas related to this task:  

• No problems reported.

Task 6:  Proposal/Award Coordination and Management: 

6a. Management of annual project solicitation process to BADER Affiliates  
6b. Management of approved projects (financial, HR, administrative support) 
6c.  Oversight of all subawards for technical and financial compliance 

• Reviewed and approved invoices on subcontracts - subcontractors are reminded to bill on a regular
basis.  There are still some concerns with the rate of expenditures from subawardees – primarily the
research projects.

• Processed amendments to subawards for no cost extension.

• Transitioned Jason Wilken’s BADER projects in response to his new position at University of Iowa.
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Problem areas related to this task:   

• BADER projects and support are coming to a conclusion just as the EACE Research Enterprise is getting 
up to speed.  This disconnect will likely be disadvantageous to junior investigators at the MTFs as critical 
resources that were available through BADER are phased out over the coming months. 
 

• BADER has supported the development of several successful research proposals through staff time, 
travel support for research collaboration meetings and proposal preparation support.  Despite this 
effort, MTFs are still guarded on providing high-level details (title, agency, investigators) of the proposals 
so BADER can report the activity.  Being able to report this activity would help demonstrate impact of 
Consortium efforts. 
 

• As part of the sustainability efforts, we attempted to submit a proposal for Jason Wilken as an external 
PI through the University of Delaware.  This concept gained support, however, due to last minute 
concerns, the proposal was not submitted through UD.   
 

• Delays in approval of Consortium no cost extension put completion of BADER funded studies at risk. All 
five active projects had requested additional time beyond the current 09/29/2017 end date.  
 

• The reported assignment of investigators Schnall and Pruziner to full time clinical duties appears to have 
dramatically slowed progress and productivity of their respective BADER funded projects. The apparent 
change in research support commitment from WRNMMC is considered unfortunate. 

 
 

Task 7:  Intellectual Property, Material Property, Inventions and Patents Management: 
 
7a. Management of IP, MP, Invention and Patent agreements  
7b. Consult with legal experts as necessary for compliance  
 

• At the request of Drs. Redington and Milutinovich, Ms. Strickland met via phone with Dr. Brian Ilfeld, a 
recent CDMRP awardee, to discuss the BADER CRADA mechanism.  Generic templates were emailed to 
Dr. Ilfeld and Ms. Strickland offered additional guidance as requested. 
 

• Began process to add Vanderbilt to the BADER CRADA to facilitate work between Vanderbilt and Jason 
Wilken. 
 

• Completed the process of transitioning Jason Wilken’s BADER projects in response to his new position at 
University of Iowa.  This may require additional subcontracts. 
 

• Completed process to add University of Iowa to the BADER CRADA to accommodate Jason Wilken’s 
transition 
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• Completed amendments to existing CRADAs for the NCE. 
 
Omnibus BADER CRADA:  Current status of the CRADA is detailed in Table 2.   
 
Table 2: List of current and pending BADER CRADA partners 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Problem areas related to this task:  
 

• No problems reported 
 
 
Task 8:  Evaluation: 
8a. Management of internal evaluation process  
8b. Primary liaison with external evaluation service (AAAS) 
 

• BADER Administration has presented to the MTF representatives, External Advisory Committee (EAC) 
and the Grants Officer Representative (GOR) a plan for having the American Association for the 

Institution Date of completed agreement 
University of Delaware November 7, 2012 
Brooke Army Medical Center January 3, 2013 
C-Motion, Inc September 20, 2012 
Christiana Care Health Systems October 18, 2012 
Mayo Clinic November 1, 2012 
Spaulding Rehabilitation Hospital October 11, 2012 
University of Michigan Cancelled (Tulsky relocated) 
Naval Medical Center San Diego – omnibus 
CRADA 

Rejected 

Naval Medical Center Portsmouth – omnibus 
CRADA 

Rejected 

Naval Medical Center Portsmouth – Project 
specific 

March 2014 

Naval Medical Center San Diego – umbrella Navy 
CRADA 

April 2014 

Walter Reed National Military Medical Center April 2013 
Denver Research Institute (DRI) (Grabowski 
project) 

June 2014 

Vanderbilt University Pending 

University of Iowa April 2017 
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Advancement of Science (AAAS) perform a research evaluation for the BADER Consortium and provide 
consultation on a sustainment model.  At this time, the AAAS evaluation has been placed on hold. 

 
Problem areas related to this task:  
 

• No problems reported 
 
 

Clinical Research Core (CRC): 
 
Task 1: Facilitate approvals of protocols for the use of human subjects in research through local IRBs and 
through HRPO 
 
1a.  Identify DoD requirements for the protections of Human Subjects in Research 
1b.  Develop materials for and assist PIs in submitting protocols according to the United States Army Medical 

Research and Materiel Command (USAMRMC) Office of Research Protections (ORP) policies and 
procedures through the ORP for approval  
 

• CRC staff wrapped up their BADER support roles for the approval of human subject protocols.  
 

• When CRC staff are engaged in human subjects research, protocols are submitted to the UD IRB for 
acknowledgement. The CRC Manager is provided “view” privileges into the protocol and is copied on 
emails addressing USAMRMC ORP review/requests of BADER-funded protocols.  Currently, a total 10 
investigators have shared 24 protocols (8 active; 6 in progress; 10 closed) with the CRC manager.  The 
CRC manager continues to monitor the status of these protocols. This process will continue despite CRC 
field staff positions expiring on September 30, 2017. 

 
• During this period of performance, CRC staff continued to manage all protocols at their location without 

the use of the military electronic version of IRBNet. 
 

• The CRC Manager facilitated several meetings between investigators on the BADER Toolbox study and 
the USAMRMC HRPO office to coordinate submission activities for the multi-site BADER Toolbox study 
and to rectify outstanding IRB submissions and previously conflicting messages from HRPO. 

 

Problem areas related to this task: 

• At times CRC staff receive conflicting information from USAMRMC HRPO as to procedures for submitting 
documents for multi-site studies. The CRC Manager continuously manages strategies to converge on  
uniform guidance. 
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Task 2: Assist in the development, implementation, and monitoring of standard protocol/human subject 
research activities that will be instituted across MTFs and Clinical Study Sites throughout the BADER Consortium: 
 
2a.  Compile detailed descriptions of all of the planned activities/ interventions/ testing sessions etc. in 

which subjects will participate in each study and identify existing research resources at MTFs and clinical 
study sites  

2b.  Identify and hire Consortium Protocol and Data Coordinators Managers  
2c.  Identify and hire On-site Protocol Managers and Technicians for MTFs and clinical study sites  
2d.  Identify data storage needs and work with the Scientific Cores to set up policies and procedures relating 

to coding of research protocols, subjects and associated data across all MTFs and clinical study sites  
2e.  Train Consortium Protocol and Data Coordinators in modeling protocols in Data Monitoring System  
2f. Implement the Protocol and Data Management System (PDMS) 
 

• The CTDB Operations (Ops) Core continues to engage with BADER investigators regarding the use of the 
CTDB.  
 

• This year the Ops Core contributed system improvements on the NICHD protocol and data management 
system. Particularly: 
- Data export capabilities (Form dData dDownload)  (FDD) modifications: 

o improved protections so that users at one site cannot see data from another site's users; 
o improved data output via the use of a pipe ( | ) symbol as a data delimiter (in addition to a 

comma) to allow text responses to contain commas; 
o improved formatting now prints a single data record on a single line, greatly simplifying data 

analyst's work with preliminary data preparation. 
- Form templates – We added a new ability to create a form template permitting data managers to 

automatically upload external data corresponding to a data entry form, rather than hand-entering 
each subject's data record one-at-a-time. This new function is particularly useful for legacy data 
collections and datasets transferred from other databases. 

- Optimization of text display of CTDB on iPads was completed. 

• The Ops Core created – for the Toolbox project team - a method for holding virtual 
“measure consensus meetings.”  As a result of this technical support and the use of the 
virtual meeting software (Adobe Connect and Poll Everywhere), 47 individuals from across 
the country – including MTF sites - were able to simultaneously participate in the meeting. 

 
• This year, we continued to hold BADER CTDB Huddle Up sessions on the first Wednesday of each 

month.  Topics during the year included: 
o Introduction to BADER CTDB for new users; 4 people attended.   
o Adding Patients in the CTDB; there were 7 attendees.    
o Quality Assurance and was customized for the research team involved in BADER's 

Maximizing Outpatient Rehabilitation Effectiveness (MORE) protocol; there were five 
attendees.   
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o Additionally, the CTDB Ops Core trained Outcomes Toolbox project staff at partner sites on 
effective use of Adobe Connect and online-polling/collaboration tool PollEverywhere. 
Remotely tested A/V setups at participating sites, provided support in PollEverywhere item 
development, prepared summary reports & graphics. The Ops Core also developed Cognos-
based/Excel-extended automated procedure for checking which forms had been 
administered for each subject at each encounter (interval).  Delivered finished product to 
MORE protocol data supervisor for bi-weekly checking. For the CTDB Portal website the Ops 
Core updated content and consolidated files stored in other sites. 
 

• Specific to the operation of the CTDB system the Ops Core identified & submitted four items to the 
NIH in the past three months (resolutions noted, if anything). 

 
o Upload external file to import data stopped working 

 
o FDD output file's field order was changed (without notice). New order is QuestionID 

number (lowest-to-highest). Old sort order matched order of items as they appeared in 
a form.  (Reported 3/10.  Added to JIRA as "normal priority".) 

 
o Unable to delete one locked record in MORE protocol. Nareg removed it noting that the 

record had been marked as "verified".  (3/10) 
 

o Skip logic that disables normally required question responses is not enforced.  (Reported 
3/9.  Fixed).  

  

Problem areas related to this task:   

• No problems reported.   

 
Task 3:  Provide training and oversight to On-site Protocol Managers, Technicians and other relevant personnel 
in study procedures: 
 
3a.  Develop and provide training to On-site Protocol Managers and oversee the coordination and 

maintenance of Institutional Review Board and ORP approvals, including initial review and approval 
processes, continuing renewal processes, amendment, and addendum and termination approvals.  

3b.  Develop and provide training to On-site Protocol Managers, and oversee procedures to recruit subjects, 
track accrual, track human subjects compliance, schedule tests, and report adverse events to the ORP 
and local IRBs. 

3c.  In conjunction with the Scientific Cores, develop and coordinate training for the Consortium Data 
Coordinators, On-site Research Directors and Technicians and other relevant personnel in data 
collection and management and quality control procedures  
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• All CRC field staff maintain CITI certification and site-specific training requirements relevant to study 
procedures for conducting research with human subjects. Individual CRC staff has completed as 
available on-site training at their research location.  
 

• This year the CRC staff participated in site-specific conference calls 2x/month with the CRC Manager and 
in a virtual meeting one-time per month to discuss a variety of topics related to the coordination and 
conduct of research as their role in the BADER Consortium comes to an end. 

 
• For the purpose of tracking accrual, track human subjects enrollment and study completion status, and 

report adverse events to the ORP and local IRBs the CTDB Ops Core trained several staff of the multi-site 
BADER Toolbox study to utilize CTDB. 

 
• To further assist MTF scientists and their collaborators with grantsmanship activities, the CRC staff have 

determined to established a grant-writing seminar series beginning in January 2017. The seminar series 
was facilitated by the CRC Manager and focus on grant mechanisms of the most significant funding 
agencies. 
 

Problem areas related to this task 

• No problems reported. 
 
 
Task 4: Monitor protocol activities and notify Administrative Core of inadequate study procedures, training or 
subject recruitment that requires input from the BADER Consortium Coordinating Center 
 
4a.  Develop tools for reporting progress in of training activities, subject recruitment and testing, data 

analysis and quality control measures  
4b.  Track study progress monthly and notify Administrative Core of underperforming sites and suggest 

solutions to improve performance  
4c.  Provide input to Administrative Core for quarterly progress reports of clinical research studies  
 

• CRC staff monitor site-specific protocol activities and coordinate with study PIs to address any 
inadequacies. 
 

• In addition to their assignments on BADER-funded research projects, this quarter four CRC field staff 
provided support for 16 research projects and 7 related activities (see Appendix C).  Three CRC staff 
(Wingate, Hiebert, Hulcher) presented abstracts at the MHSRS conference Aug 2017; Hiebert is co-
author on three manuscripts being submitted for publication. 
 

• As of this report, study enrollments according to data that study teams have entered into the protocol 
and data management system (CTDB): 
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• K2Power: 1 patient enrolled (no data entered); (no change since last quarter) 
• MORE:  140 patients established in CTDB (up from 133 last quarter); based on the CTDB 

enrollment table data: 58 dropped/withdrawn (up from 43); 46 completed data collection 
(up from 33); 29 continued participation; 7 unknown status. 

• ProLegRx: 21 patients enrolled; 21 completed study (no change since last quarter) 
• Step2Step: 2 patients enrolled, 1 completed study; 1 no data (no change since last quarter) 
• Walk2Run: 3 patients enrolled, 1 completed study (2 dropped); (no change since last 

quarter) 
• Weighted Walking: no data available in CTDB 
• BADER Toolbox: 59 patients established in CTDB; 56 completed (up from 31 last quarter); 3 

continuing (down from 12 last quarter). 
• PBPT (not BADER funded):  197 enrolled; it appears that 175 completed the study (85 

ROOSEVELT follow-up subjects + 90 TRUMAN follow-up subjects; (no change since last 
quarter) 

 

Problem areas related to this task 

• No problems reported. 
 

Task 5:  Research Development (Dr. Stanhope) 
 
5a.   Identify gap research areas. 
5b.   Identify and secure sources of external funding. 
5c.   Connect BCAs with potential collaborators. 
5d.   Create research pipeline of tech development to basic research to clinical trials. 
5e.   Support research development at MTFs. 
 

• On September 20, 2017, per the request of Dr. Redington, BADER submitted a follow-on project 
proposal concept in response to potential funding from Joint Warfare Military Research Program.  
 

• Facilitated the introduction and funded the travel for Dr. Stergiou of to visit WRNMMC to discuss and 
establish a research collaboration with Dr. Dearth. http://www.unomaha.edu/college-of-
education/biomechanics-core-facility/about-us/directory/nicholas-stergiou.php 
 

• Facilitated the development of the RAPIDFAB study team and subsequent proposal led by Dr. Wilken 
with members from the Center for Composite Materials, the Department of Kinesiology and Applied 
Physiology at the University of Delaware. 
 

• Continued to Mentor Mr. John Collins - stationed at the NMCSD – on the development of a generalized 
method for quantifying the sources and flow of mechanical work during the “push off” phase in normal, 
impaired and amputee walking. 

http://www.unomaha.edu/college-of-education/biomechanics-core-facility/about-us/directory/nicholas-stergiou.php
http://www.unomaha.edu/college-of-education/biomechanics-core-facility/about-us/directory/nicholas-stergiou.php
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• Dr. Stanhope established a collaboration with Dr. Wilken at the Center for the Intrepid and Dr. Goldberg 

at Hofstra University on the development of a novel clinical tool to visualize joint and segmental work. 
 

• Dr. Stanhope directed a collaborative effort with his UD (Ebrahimi), C-motion, Inc. (Kepple) and NMCSD 
(Collins) to develop and test a groundbreaking method for eliminating the age-old segmental power and 
rate-of-energy imbalance using a novel 6 DOF segmental power analysis. 
 

• Dr. Stanhope travelled to Hanover, NH to participate in the TREAT (Fostering Advances in Rehabilitation 
and Assistive Technology) scientific advisory board meeting and to promote technology translation 
through MTF and VA sites. http://treatcenter.org/ 
 

• Dr. Stanhope consulted with the CEO of BionX, Charles S. Carignan, MD, (http://www.bionxmed.com/) 
to discuss the difficulties BionX has encountered with attempting to include MTF sites in multi-site 
clinical trials of their emPOWER ankle device and other devices in the development pipeline. The 
emPOWER ankle is being tested by Dr. Pruziner in her BADER funded study. A proposal to study the 
BionX powered AFO was submitted to the 2016 CDMRP OORP grant opportunity. However, it is our 
understanding that no MTF site was included in the proposal. 
 

• Coordinating BADER related activities at the upcoming MHSRS meeting. 
 

• Facilitated the transition of Wilken studies and activities and led coordination with EACE and 
MTF sites. 

 

Problem areas related to this task: 

• No problems reported. 
 
 
Task 6:  Development and Coordination of the Call for Proposals (Dr. Davis) 
 

• BADER completed Task 6 in Year 3.  BADER has eight approved protocols completed or ongoing, meeting 
the original goal of funding 6-8 projects. 
 

Problem areas related to this task: 

• No problems reported. 
 

 

 

http://treatcenter.org/
http://www.bionxmed.com/
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Scientific Technical Cores: 
 

Biomechanics Core (BC): C-Motion, Inc. 

Funding for the Biomechanics Core ended September 29, 2016.  See prior reports for complete details of work 
completed. 

 
 
Rehabilitation Outcomes Measurement (ROM) Core:  University of Delaware 

Task 1: Establish outcomes library and training libraries, develop infrastructure for working with investigators. 
 
1a. Submit relevant IRB related documents as necessary. 
1b. Conduct literature reviews to identify relevant outcomes measurement tools related to orthopedic 
injuries. 
1c. Build measurement library for utilization of relevant outcomes measures for research studies. 
1d. Provide workshops, web-ex presentations, and seminars to train BADER personnel about Patient 

Reported Outcome (PRO) measures. 
1e/f. Prepare training materials for data collection of patient reported outcomes.  Prepare measurement 

platform for BADER proposals (develop Assessment Center or alternative method for data capture). 
 

1a. All sites have valid IRB-approved protocols. We have contacted sites and updated our records.  

1b. We have conducted and finished our systematic review of 32 measures of physical functioning that have 
established use in orthopedic/amputation research in amputee populations and have documented the relevant 
research on the psychometric properties and construct validity. Extensions of this work continue as part of 
BADER Toolbox and the scope of this effort has continued to expand as a result of feedback from the BADER 
investigator team. Completion of the expanded work is expected in October 2017. 
 

1c. These literature searches and reviews have facilitated establishment of a measurement library for BADER-
relevant outcomes measures. The library has been updated with recent publications.  We have provided 
information to the BADER Clinical Trials Data Base team to see how this work could be integrated with the 
Clinical Trials Database. We have obtained permissions for 22 of the measures to be included thus far.  
 

 1d-e. We developed and delivered training materials so that Toolbox investigators could utilize PROMIS from 
Assessment Center.  See Appendix E, F, G.  
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1f. We have, on a customized basis, built Assessment Center data collection platforms for the MORE study and 
the K2 Power BIOM study.  We have subsequently facilitated subject PINs for data collection and follow-up PIN 
requests as well. 

Problem areas related to this task: 

• No problems reported. 
 

Task 2: Evaluate relevant outcomes measurement instruments and ensure relevance for use in BADER studies.  
Ensure that floor and ceiling is appropriate for the population. Develop new item content as appropriate.  

2a. Develop focus group guides to identify measurement issues. 
2b. Prepare and execute focus group meetings at collaborating DoD sites (months 2-3) 
2c. Transcribe focus group guides and prepare NVivo (qualitative software) coding guides  
 (months 4-6) 
2d. Code and reconcile focus group data (months 7-9) 
2e. Develop new item content to increase measurement sensitivity/specificity of orthopedic  
 injuries (months10-12). 
 
Additional focus group data collection was completed at Walter Reed and CFI, to supplement data collected 
from focus groups conducted at San Diego, Walter Reed, and CFI/BAMC.  

These five additional focus groups were transcribed, coded and reconciled, and qualitative analyses and reports 
and were updated. As a result of this additional data collection, we reached content saturation. This 
supplemental qualitative data collection has been incorporated to provide an updated and comprehensive 
analysis, which has been summarized and shared with co-investigators. Several hundred new items have been 
drafted in item pools and were further edited and prepared for expert review and subsequently need to go 
through this stage and a cognitive interviewing process, which will be conducted as part of a DoD BAA-funded 
grant. We are also working to develop a system through REDCap for managing item content efficiently 
throughout the item life cycle. This work has begun and is being implemented for the BAA project. 

Problem areas related to this task: 

• No problems reported. 
 
 
Task 3: Consult and review study proposals for the BADER Consortium 
3a:  Submit relevant IRB related documents as necessary. 
3b:  Work directly with prospective PIs of BADER projects. Provide consultation on outcomes measurement 

design issues and integration into proposals and research methodology. 
3c:   Review proposal ideas and provide feedback on outcomes design. 
3d:   Work with investigators to provide design measurement platforms and train research personnel. 
3e:   Develop new measurement techniques tailored for specific interventions as appropriate. 
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• We have worked closely with Dr. Scott Tintle, an orthopedic hand surgeon at WRNMMC, who was 
interested in submitting a DoD grant, in collaboration with Dr. Dearth, focused on developing outcomes 
measures for those who have received hand transplants. We worked closely and extensively with Drs. 
Tintle and Dearth to provide training, input, feedback, and support on measurement approaches and 
practices, which ultimately led to the co-development of a Reconstructive Transplant Research grant 
proposal submitted in December 2016 (ultimately not funded). We have initiated another set of 
proposal planning meetings with Drs. Tintle and Dearth to submit a new transplant outcomes proposal 
in fall 2017. 
 

• We have provided proposal review and support to Dr. Wilken and to Dr. Dearth for subsequent planned 
grant submissions.  We are awaiting feedback from these investigators to see if we should continue 
these efforts. 
 

• ROM Core staff conducted another set of meetings with investigators at WRNMMC, CFI and NMCSD in 
spring 2017 to provide research and measurement support for their and our joint efforts. 
 

• 3a, b & c. We continued to discuss new research with other members of the BADER consortium.   We 
met with Dr. Jason Wilken and team to discuss research agendas and to build the data collection 
platform for the MORE proposal.  We met with Drs. Chris Dearth and Alison Pruziner to consult on the 
BIOS proposal and to review and discuss research agendas.  We have met with Marilynn Wyatt at Naval 
Medical Center San Diego to discuss their research agenda and identify areas in which we can continue 
to provide support and leverage BADER activities. 

• The ROM Core also conducted another set of meetings with investigators at WRNMMC, CFI and NMCSD 
in spring 2017 to provide research and measurement support for their and our joint efforts. 

 

Problem areas related to this task: 

• No problems reported. 
 

 

Biostatistics Core: Christiana Care Health Systems (CCHS) 

The Biostatistics Core for the BADER Consortium is a fee for service model that provides services when 
requested.  Due to changes in personnel at Christiana Care Health Systems, the Biostatistics Core will utilize 
resources available at the University of Delaware under the same fee for service model. 
 
Task 1:  Participate in development of project specific aims and research design with investigators.  
 

• No updates for this task. 
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Task 2:  Develop statistical analysis plans (SAP) for each research project. 

• No updates for this task. 
 

Task 3: Assist in the design of datasets for analysis.  Provide transfer capabilities and expertise. 

• No updates for this task. 
 

Task 4: Conduct statistical analyses. 

• The MORE study continues data collection.  Interim statistical analysis will be conducted within 3 
months or less to assess data quality and completeness.  Final statistical analyses will be conducted after 
complete data collection. 
 

Task 5: Provide assistance in developing presentations, writing reports and manuscripts. 

• No updates for this task. 
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Progress Reports on Clinical Studies 
 

(please see Appendix D for updated Quad Charts) 
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2012.1 – 

Step2Step 
(CLOSED) 

2012.2 – 
RETRAIN 
(CLOSED) 

2013.1 – 
ProLeg Rx 

2013.2 – 
K2Power 

2013.3 – 
Outcomes 
Toolbox 

2014.1 
MORE  

2014.2 
Backpack  

2014.3 
Trauma 

Outcomes 

Proposal 
submitted 

Oct 2010 Oct 2010 Dec  2012 Dec 2012 Dec 2012 Nov 2013 Nov 2013 Dec 2012 

Scientific 
Review 

May 2011 May 2011 
December 

2012 
December 

2012 
December 

2012 
December 

2013 
December 

2013 
Dec 2012 

GSC approval June 2012 April 2012 
March 18, 

2013 
March 18, 

2013 
March 18, 

2013 
February 28, 

2014 
February 28, 

2014 
Mar 2013 

Contract 
negotiation 
docs sent to 

CDMRP 

June 2012 July 2011 
August 
2013 

August 
2013 

December 
2014 

December 
2014 

December 
2014 

Jan 2015 

CDMRP 
approval 

August 
2012 

August 
2012 

February 
2014 

February 
2014 

February 
2015 

February 
2015 

February 
2015 

August 
2012 

Omnibus 
CRADA 

executed 

December 
2012 

October 
2012 

March 
2014 

March 2015 
February 

2015 
April 2015 April 2015 

February 
2015 

BADER PI 
agreement 

signed 

August 
2012 

October 
2012 

April 2013 Pending Pending April 2014 March 2014 
October 

2014 

IRB approvals 
August 
2012 

June 2013 Oct 2013 May 2014 May 2015 June 2015 June 2015 * 

HRPO approval 

September 
2012 (aim 

1) 
April 12, 

2013 (aim 
2) 

June/July 
2013 

COMIRB 
approval 
Oct 2013 

June 2014 Feb 2016 June 2015 June 2015 * 

Subject pool * * 45 14 149 200+ 23 * 
Subjects 
screened 

46 12 32 12 149 154 19 * 

Subjects 
enrolled 

46 (Aim 1: 
22, Aim 2:1, 
Aim 3: 23) 

2 22 9 149 
154 (136 

patients, 18 
therapists) 

16 

56 
patients, 

34 
providers 

Subjects 
Completed 

46 0 22 0 149 0 16 * 

Presentations 23 5 17 3 4 0 5 * 

Publications 
4 (3 more in 

revision)  
0 4 0 2 0 1 in progress * 
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“Improving Step-To-Step Control of Walking in Traumatic Amputees” 
“STEP2STEP” 

THIS PROJECT HAS BEEN CLOSED.  PLEASE SEE PRIOR REPORTS FOR COMPLETE PROJECT DETAILS 

PLEASE REFER TO APPENDIX A FOR COMPLETE LIST OF PUBLICATIONS RESULTING FROM THIS WORK 

Abstract:  Gait and balance training are essential for patients with lower limb amputation because of their high 
fall risk.  However, little scientific evidence exists to guide efforts to develop such training programs.  The 
purpose of this study is two-fold: to determine how step-to-step control strategies differ between patients with 
varying levels of amputation and to determine how these patients respond to a virtual reality based training 
intervention. Addressing these two issues will provide an essential foundation from which we can design more 
effective training protocols.  Enhanced training will take place in a fully immersive virtual reality (VR) 
environment so we can apply well controlled and ecologically relevant motions to the walking surface.  Effective 
VR-based gait training programs may provide significant advantages over traditional gait training, putting 
therapists in control of the training environment and allowing them to quantitatively monitor patient progress in 
real time. We expect this will yield significant generalization to real world walking.  We will conduct a single-
center study including 30 patients with varying degrees of lower limb amputation to determine the relative 
effects of VR based treatment on walking step-to-step control strategies.  We will test each subject before, 
during, and after training as well as at an approximate 2-week follow-up while walking both in the VR 
environment and while walking over flat and uneven ground.  Step-to-step control measures will then be 
compared across the group of patients using regression analyses against clinical performance measures to 
better understand the effects of physical ability on step-to-step control. Additional intra-subject analyses will be 
conducted to look at changes in walking over the course of the intervention. 

Title: 2012.1:   “Improving Step-To-Step Control of Walking in Traumatic Amputees” 

Funded Amount: 

Principal Investigators: 

Jonathan Dingwell, PhD 
Department of Kinesiology & Health 
Education, University of Texas at Austin, 
Austin, TX 

Jason Wilken, PhD 

Military Performance Lab, Center for the 
Intrepid, Department of Orthopaedics & 
Rehabilitation, Brooke Army Medical 
Center, San Antonio, TX 

Collaborators: Joseph P. Cusumano, Ph.D.  
Pennsylvania State University, 
Department of Engineering Science & 
Mechanics 

Accruals 
Aim #1:  21 total subjects (9 patients + 13 controls) 
Aim #2:  1 subject 
Rehab Frogger Study:  23 total subjects (10 patients + 13 controls) 
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IRB Approvals:  
Our IRB application for Specific Aim #1 was determined to qualify for “exempt” 
status so therefore no annual renewals are required. 
Our IRB application for Specific Aim #2 has been approved by BAMC IRB and has 
received HRPO approval.  Approval expires:  January 9, 2017 

Amendments to IRB None reported. 

Adverse events: None reported. 

Serious adverse events: None reported. 

Problems or barriers to 
research: 

None reported. 

Finances: 

Awarded a no cost extension through September 2016 
Award amount:
Spent to date:  
% spent to date:  99.7% 
% award period complete:  100%    
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“Return to High-Level Performance: Walk to Run Training with Realtime Kinetic Feedback” 
“RETRAIN” 

THIS PROJECT HAS BEEN CLOSED.  PLEASE SEE PRIOR REPORTS FOR COMPLETE PROJECT DETAILS 

PLEASE REFER TO APPENDIX A FOR COMPLETE LIST OF PUBLICATIONS RESULTING FROM THIS WORK 

Abstract:  Lower extremity amputations significantly impact a soldier’s gait function and their ability to return to 
active duty. Despite standard rehabilitative care that includes gait training, loading remains elevated in the intact 
extremity, increasing the risk for the development of degenerative joint disease. The purpose of this study is to 
examine whether symmetry of loading can be improved in both walking and running using real-time feedback in 
individuals with unilateral, transtibial amputations. 

Title: 
2012.2  “Return to High-Level Performance: Walk to Run Training with Realtime 
Kinetic Feedback”  

STATUS: Project ended 09/30/2015 
Funded Amount:  

Principal Investigators: 
Irene Davis, PhD, PT Spaulding Rehabilitation Hospital 

Alison (Linberg) Pruziner, DPT, ATC 
Walter Reed National Military Medical 
Center 

Collaborators: 
Steve Jamison, PhD  
Matthew Ruder, MS 
Devjani Saha, PhD 

Elizabeth Nottingham 
Elizabeth Husson 
Amanda Wingate, BA 

Accruals: 

SNRC:   
Potential subjects contacted:  23 
Potential subjects screened (phone):  15 
Lab screened: 6 (5 did not qualify) 
Subjects enrolled:  1      

WRNMMC:   
Potential subjects contacted:  10 
Potential subjects screened:  6 
Subjects enrolled:  1  
Subject withdrawals:  1 

Adverse events: None reported. 

Serious adverse events: None reported. 

Finances: 

Award amount:  
Spent to date:  
% spent to date:  87% 
Project dates:  10/01/2012 – 09/30/2015  
Dr. Davis was granted a no cost extension to 09/30/2015. 
% complete:  100% 
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2012.3: A Qualitative Study of Patient Reported Outcomes Measures in Individuals with Major Limb Trauma 

“Trauma Outcomes” 

Title: 
2012.3: A Qualitative Study of Patient Reported Outcomes Measures in Individuals 
with Major Limb Trauma 

Funded Amount: Funded through Research Outcomes Measurement Core budget 

Principal Investigator: David Tulsky, PhD University of Delaware 

Collaborators: 
Christopher Dearth, PhD WRNMMC 
Marilynn Wyatt, MPT NMCSD  
Jason Wilken, PhD BAMC/CFI  

IRB Approvals:   
NMCSD IRB approval received (August 21, 2013). HRPO Approval received March 
2014.  HRPO Log Number A-17117.5 

 
Details of this project can be found under Research Outcomes Measurement Core Statement of Work, Task 2 
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Prosthetic Leg Prescription (ProLegRx): What is the optimal stiffness and height of a running-specific 
prosthesis?    

“The ProLegRx Study” 

Abstract:There are currently no science-based, objective methods for optimizing running-specific prosthesis (RSP) 
prescription. Existing practices can waste time, money, and resources and do not necessarily provide the best 
prosthetic prescription. Due to the severity of impairment caused by a leg amputation and the healthcare costs 
sustained over the lifetime of a person with an amputation, it is extremely important to improve RSP prescription 
so that Soldiers and Veterans with amputations can regain the greatest possible level of functional ability and 
return to active duty, if they choose. Our goal is to develop tools for clinicians to prescribe running-specific leg 
prostheses that facilitate optimal function for Soldiers and Veterans with transtibial amputations. We intend to 
systematically vary the stiffness and height of distance-running RSPs and measure the biomechanical and 
metabolic effects of running at the speed required for a subject’s age/sex 50th percentile Physical Fitness Test 
(PFT) 2 mile run and at one standardized speed, 3 m/sec. We also intend to systematically vary the stiffness and 
height of sprint-running RSPs and measure the biomechanical and performance effects of running across a range 
of speeds. Then, we will combine results from distance-running and sprint-running prostheses to develop clinically 
relevant, quantitative algorithms for prosthetic stiffness and height prescription based on a subject’s weight, 
amputation level, limb segment lengths, and desired running speed. The results of our research will be 
disseminated to clinicians and will improve RSP prescription for people with leg amputations. We hope to improve 
and expedite rehabilitation for Soldiers and Veterans with transtibial amputations and to save time, money, and 
resources. Optimizing RSP prescription would facilitate aerobic conditioning, reduce injury risk, improve running 
economy (the metabolic demand at a given running speed) and improve performance; thus improving the quality 
of life and reducing the healthcare needs of Soldiers and Veterans with leg amputations.  

Title: 
2013.1: Prosthetic Leg Prescription (ProLegRx): What is the optimal stiffness and 
height of a running-specific prosthesis? 

Funded Amount: 

Principal Investigator: Alena Grabowski, PhD 
Dept. of Veterans Affairs Eastern Colorado Healthcare 
System 

Collaborators: 

Rodger Kram, PhD Dept. of Integrative Physiology, University of Colorado 

Ryan Stephenson, MD 
Dept. of Veterans Affairs Eastern Colorado Healthcare 
System  

Michael Litavish, CP 
Dept. of Veterans Affairs Eastern Colorado Healthcare 
System  

Accruals: 

Potential subjects contacted:  45 
Potential subjects screened:  32 
Subjects enrolled:  22 
Subjects completed:  22 

IRB Approvals: COMIRB:  Expires August 21, 2018 
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Amendments to IRB: 
We expanded the age range of participants to include people between 18-55 
years old. 

Adverse events: None 

Serious adverse events: None 

Problems or barriers to 
research: 

None reported 

Finances: 

Award amount:   
Spent to date:   
% spent to date:  93%   
Project dates:  10/01/2013 – 12/31/2017 
% complete:  95% 

Research Progress Update:  

Specific Aim 1: Quantify the biomechanics, metabolic demands, and socket pistoning of subjects with transtibial 
amputations using distance-running running-specific prostheses (RSPs) of different stiffness and height. Number 
of Research Subjects: 15 subjects will be recruited to participate in a clinical research study, 10 Service Members 
with unilateral and 5 Service Members with bilateral transtibial amputations that have prior experience with 
distance-running RSPs. 

Specific Aim 2: Quantify the biomechanics, performance, and socket pistoning of subjects with transtibial 
amputations using sprint-running RSPs of different stiffness and height. Number of Research Subjects: 15 
subjects will be recruited to participate in a clinical research study, 10 Service Members with unilateral and 5 
Service Members with bilateral transtibial amputations that have prior experience with sprint-running RSPs. 

Specific Aim 3: Develop a clinically relevant, quantitative algorithm for RSP stiffness and height prescription 
based on a subject’s weight, level of amputation, limb segment lengths, and desired running speed.   

SA 1 and 2, Task 1: 

(a) We obtained IRB approval from the Colorado Multiple Institutional Board Review (COMIRB) for the human 
experimental studies in Specific Aims 1 and 2. The University of Colorado Boulder IRB ceded to COMIRB. We 
have obtained review and approval of approved IRB documents by the USAMRMC Office of Research 
Protections (ORP). 

SA 1 and 2, Task 2: 

(a) Otto Bock, Ossur, and Freedom Innovations have provided over 60 prostheses to accommodate our 
subjects. We used a mechanical testing machine (MTS) within the Department of Mechanical Engineering at 
the University of Colorado Boulder to quantify the stiffness of each running-specific prosthesis (RSP). 

(b) We quantified the stiffness of each prosthesis and will compile the results of the stiffness tests into a 
technical report that we intend to publish. 

(c) We needed to build a test jig and determine the angle to test each prosthesis. 
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(d) We built a test jig, measured stiffness at different angles and have established a prosthetic testing protocol. 
We have analyzed the results and our manuscript has been published in Plos One: ON Beck, P Taboga, & AM 
Grabowski. Characterizing the mechanical properties of running-specific lower-limb prostheses. PLoS ONE 
11(12): e0168298. doi:10.1371/journal.pone.0168298, 2016. 
 

SA 1 and 2, Task 3:  

(a) For the running protocol, we have recruited 15 participants and 15 have completed the study. For the 
sprinting protocol, we have recruited 15 participants and 15 have completed the study.  

(b) We will continue to network with the community to disseminate our results and promote future research. 
We were invited to attend the USOC Paralympic Track and Field research clinic in Chula Vista, CA, and have 
attended the Hanger Running Clinic in Golden, CO, and the 5480 Challenge Paralympic Track and Field meet 
in Cherry Creek, CO. We organized a research team meeting that included: the prosthetist that is building 
the sockets, the prosthetist that is fitting and aligning participants, and a prosthetist from the USOC.  

(c) Because each athlete with an amputation has a different build height, we have recruited participants in a 
specific order.  

(d) We have obtained measurements from all athletes with leg amputations and recruited athletes with the 
tallest build height first and then with shorter build heights so that we re-used each RSP. 

 

SA 1, Task 4:  

(a) A certified prosthetist from our research team has fit and aligned subjects to each distance-running RSP 
brand during an accommodation session. Subjects then ran on a treadmill to accommodate to each of these 
distance-running RSPs. The height of each RSP was adjusted for each subject prior to the experiment so that 
they could use each RSP brand with different stiffness and height characteristics without destroying the RSP. 
Following the accommodation session, subjects came into the lab for three experimental data collection 
sessions. During these experimental sessions, we measured their biomechanics, metabolic demands, and 
socket pistoning while they ran with different stiffness and height distance-running RSPs on an instrumented 
treadmill.   

(b) We have recruited all subjects and they have completed the protocol. 
(c) We calculated the average required speed for the Physical Fitness Test (PFT) 2 mile run for all participants 

and found that it is nearly the same as our standardized speed of 3.0 m/s. 
(d) We reduced the number of running trials so that athletes will only run at 3 m/s with all of the different 

prosthetic configurations. 
 

SA 2, Task 6:  

(a) A certified prosthetist from our research team has fit and aligned subjects to each sprint-running RSP brand 
during an accommodation session. Subjects then ran on a treadmill to accommodate to each of these sprint-
running RSPs. The height of each RSP was adjusted for each subject prior to the experiment so that they 
could use each RSP brand with different stiffness and height characteristics without destroying the RSP. 
Following the accommodation session, subjects came into the lab for six experimental data collection 
sessions. During these experimental sessions, we measured their biomechanics, top speeds, and socket 
pistoning while they ran with different stiffness and height sprint-running RSPs on an instrumented 
treadmill.   

(b) We have recruited all the subjects that can complete the protocol. 
(c) One of our subjects had bilateral leg amputations and bilateral arm amputations, which presented a 

challenge for dismounting the treadmill at top speed. 
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(d) We built custom hand-rails that allowed this participant to achieve his top speed and dismount the treadmill 
safely. 
 

SA 1, Task 5:  

(a) Analyze the data from Task 4 to determine the optimal stiffness and height of a distance-running RSP for 
each individual. Prepare a manuscript and publish the results of our study in a peer-reviewed scientific 
journal. 

(b) We submitted four abstracts in 2015 that were accepted by the American Society of Biomechanics (ASB) and 
the Rocky Mountain ASB (RMASB) meetings, submitted two abstracts in 2016 that were accepted by the ASB 
and American Orthotic and Prosthetic Association (AOPA), and submitted two abstracts in 2017 that were 
accepted by the ACSM and ASB. 

(c) Our abstracts were accepted and presented as talks and/or posters for each meeting. We have two 
manuscripts that were submitted to peer-reviewed journals. 

(d) Mr. Beck presented at the 2015 RMASB, 2015 ASB, 2016 ASB, 2016 AOPA, 2017 RMASB, and 2017 ACSM 
meetings. We have published two manuscripts: ON Beck, P Taboga, & AM Grabowski. Prosthetic model, but 
not stiffness or height, affects the metabolic cost of running for athletes with unilateral transtibial 
amputations. Published March 30, 2017. Journal of Applied Physiology 
http://jap.physiology.org/content/early/2017/03/28/japplphysiol.00896.2016  

ON Beck, P Taboga, & AM Grabowski. Reduced prosthetic stiffness lowers the metabolic cost of running for 
athletes with bilateral transtibial amputations. Published Jan. 19, 2017. Journal of Applied Physiology 
DOI: 10.1152/japplphysiol.00587.2016 

 
SA 2, Task 7:  

(a) Analyze the data from Task 6 to determine the optimal stiffness and height of a sprint-running RSP for each 
individual. Prepare manuscripts and publish the results of our study in peer-reviewed scientific journals. 

(b) We submitted four abstracts to the 2015 American Society of Biomechanics (ASB) and the Rocky Mountain 
ASB meetings, two abstracts to the 2017 ASB and RMASB meetings, and one abstract for the 2017 MHSRS 
meeting.  

(c) Our abstracts were accepted and presented for each meeting. 
Dr. Taboga presented two posters at the 2015 RMASB and ASB meetings, and one poster at the 2017 ASB 
meeting. Mr. Beck had podium presentations at the 2017 RMASB and ASB meetings. Dr. Grabowski 
presented a poster at the 2017 MHSRS meeting. We have published one manuscript: ON Beck, P Taboga, & 
AM Grabowski. How do prosthetic stiffness, height, and running speed affect the biomechanics of athletes 
with bilateral transtibial amputations? 14: 20170230. Published 28 June 2017. Royal Society Interface 
DOI: 10.1098/rsif.2017.0230 and we have one manuscript under review: ON Beck & AM Grabowski. Case 
studies in physiology: The biomechanics of the fastest sprinter with a unilateral amputation. Journal of 
Applied Physiology. We are in the process of writing 3-4 manuscripts that will be submitted to peer-
reviewed journals regarding the effects of prosthetic stiffness and height on top speed and across speeds.  

 
SA 3, Task 8:  

(a) Combine the results from Specific Aims 1 and 2 to create a comprehensive, user-friendly algorithm for 
prosthetists and clinicians to use so that they can make optimal RSP prescriptions. Prepare a manuscript and 
publish our algorithm in a free public access peer-reviewed journal. Distribute our algorithm to clinicians 
through VA education programs and conferences such as the American Academy of Orthotists and 
Prosthetists (AOPA) annual meeting and the American Orthotic and Prosthetic Association (AOPA) World 
Congress. Distribute our height-adjustment bracket to clinicians through VA education programs and 
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conferences such as the American Academy of Orthotists and Prosthetists (AOPA) annual meeting and the 
American Orthotic and Prosthetic Association (AOPA) World Congress. 

(b) We have compiled our results and will begin to work on a document that summarizes our optimal 
prescription algorithm. 

(c) We are in the process of preparing a manuscript and document that will be submitted to a peer-reviewed 
journal, prosthetists and manufacturers.  

(d) We had a conference call with Ossur to discuss a revision of their recommended stiffness categories for 
distance running. We presented our results to VA prosthetists at the Denver Jewell Amputation Clinic in 
January 2017. Dr. Grabowski has presented the results of the research thus far to the NCAA Track and Field 
Rules Committee to support the participation of an athlete with bilateral transtibial amputations in the 2017 
track season. 
 

 
Preliminary results: 

 
We are currently completing a series of studies to assess the effects of using different running-specific prosthetic 
(RSP) model, stiffness, and height on the biomechanics, metabolic costs, and top speeds of 30 athletes with 
transtibial amputations. First, we established the mechanical stiffness values (in kN/m) of different stiffness 
categories of four models of RSPs (Beck et al., 2016). Prior to our study, the actual mechanical stiffness values of 
RSPs (i.e. kN/m) were unknown. The mechanical stiffness of RSPs likely affects the performance of athletes with 
transtibial amputations; however, each prosthetic manufacturer recommends RSPs based on arbitrary and 
subjective stiffness categories rather than performance-based metrics. Thus, we characterized the stiffness of 55 
RSPs using an Instron materials testing machine across different stiffness categories, heights, and models (two 

Table 1. Manufacturer-recommended average RSP stiffness across models (Össur Flex-Run (FR), Freedom 
Innovations Catapult FX6, Ottobock 1E90 Sprinter, Össur Cheetah Xtend) based on running 3 and 6 m/s. Stiffness 
includes the rubber sole that comes with each model, except for the Xtend, which includes the Flex-Run’s sole. The 
1E90 Sprinter had the lower stiffness value for a given user mass and manufacturer-recommendation across models. 
User 
Mass 
(kg) 

3 m/s 6 m/s 
FR 

(kN/m) 
Catapult 
(kN/m) 

Sprinter 
(kN/m) 

Xtend 
(kN/m) 

FR 
(kN/m) 

Catapult 
(kN/m) 

Sprinter 
(kN/m) 

Xtend 
(kN/m) 

55 18.0 17.4 16.2 20.7 20.4 20.4 19.0 21.5 
60 20.6 20.1 18.6 23.2 22.6 25.8 19.5 23.5 
65 22.1 20.8 19.1 23.7 23.7 27.6 22.7 23.9 
70 22.9 22.8 21.8 26.1 26.1 29.9 23.1 26.4 
75 23.7 23.5 22.2 26.6 27.7 30.7 23.5 26.8 
80 26.2 25.9 22.7 28.8 29.2 33.7 26.4 28.9 
85 26.1 26.5 23.2 29.3 31.3 34.5 26.8 29.4 
90 29.5 29.9 25.9 32.3 33.4 41.2 27.2 32.4 
95 31.4 30.5 26.3 32.7 34.7 42.0 27.6 32.8 

100 31.8 31.1 26.7 33.2 35.3 42.8 32.1 33.1 

Mass 
(kg) 
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from Össur, one from OttoBock, and one from Freedom 
Innovations) using forces and sagittal plane angles 
representative of those measured from previous studies 
of 11 athletes with transtibial amputations during running 
(Fig. 1). We found that the actual stiffness values of 
manufacturer-recommended stiffness categories varied 
between prosthetic models (Table 1) (p<0.001) and that 
characterizing prosthetic force-displacement profiles with 
a second degree polynomial explained 4.4% more of the 
variance than a linear function (Fig. 2) (p<0.001); 
suggesting that RSP stiffness is not linear. Also, prosthetic 
stiffness was 10-39% less at the sagittal plane angles 
typical of running 3 m/s and 6 m/s (10-25°) compared to 
vertical (0°) (Figs. 1, 2) (p<0.001), and stiffness was 
inversely related to prosthetic height in J-shaped 
(p<0.001), but not C-shaped prostheses. From our RSP 
stiffness results, we recommend that RSPs should be 
tested under the demands of the athlete’s respective 
activity to derive relevant characterizations of stiffness 
and function and that stiffness values should be reported.  
 
After characterizing the mechanical stiffness of RSPs, we 
analyzed the biomechanical and metabolic effects of using 
these RSPs during running and sprinting for 30 athletes 
with transtibial amputations. Each athlete used three RSP 
models (Össur, Freedom Innovations, and Ottobock) with 
three stiffness categories per model (manufacturer 
recommended, and ±1 stiffness category) at three 
different heights (prosthetist recommended, and ±2 cm), 
a total of 15 different prosthetic configurations (Beck et al. 
2017). We determined the optimal prosthetic 
configuration for running as the RSP that minimized the 
net metabolic cost of transport (CoT), which is the 
metabolic demand per unit distance minus the cost of 
standing. We determined the optimal prosthetic 
configuration for sprinting as the RSP that maximized top 
speed, which is the fastest attainable speed that an athlete 
can maintain for 8-10 strides without moving back on the 
treadmill. We then analyzed the performance of ten 
athletes with unilateral and five athletes with bilateral 
transtibial amputations for running and of ten athletes with unilateral and five athletes with bilateral transtibial 
amputations for sprinting.  
 
Runners with a unilateral transtibial amputation minimized their metabolic cost during running by using the least 
stiff J-shaped Ottobock 1E90 Sprinter RSP (Fig. 3A), which elicited 5.2 and 4.2% lower net CoT compared to the C-
shaped Freedom Innovations Catapult FX6 and Össur Flex-Run RSPs, respectively (p<0.01 model effect). The 

Figure 1. Dr. Grabowski’s (PI) Applied Biomechanics Lab 
(ABL) has developed mechanical testing techniques 
using an Instron Materials Testing Machine, rotatable 
base plate, and frictionless roller system for measuring 
RSP stiffness at different angles. A. Össur Flex-Run (0°), 
B. Freedom Innovations Catapult FX6 (15°), C. Ottobock 
1E90 Sprinter (0°), D. Össur Cheetah Xtend (20°) RSPs. 

A. B. 

C. D. 
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optimal RSP configuration reduced peak vertical ground reaction force asymmetry between affected and 
unaffected legs (Beck et al. 2017). Runners with bilateral transtibial amputations also minimized their metabolic 
cost during running by using the least stiff J-shaped Ottobock 1E90 Sprinter RSPs (Fig. 3B), which elicited 5.3 and 
2.7% lower net CoT than the C-shaped Freedom Innovations Catapult FX6 and Össur Flex-Run RSPs, respectively 
(p<0.001 model and stiffness effect). For this group, a one category reduction in RSP stiffness, which corresponds 
to a ~4 kN/m reduction in actual stiffness, improved net CoT 3.7% (p<0.001). Interestingly, we found that there 
was no effect of RSP height on net CoT in runners with unilateral or bilateral transtibial amputations (Beck et al. 
2017). 
 
Sprinters with a unilateral transtibial amputation achieved 7.1% and 9.8% faster top speeds (p<0.001) by using 
the J-shaped Össur Cheetah Xtend and Ottobock 1E90 Sprinter RSPs compared to the C-shaped Freedom 
Innovations Catapult FX6 RSP (Fig. 3C), and did so by increasing peak vertical ground reaction force and 
decreasing leg stiffness. Sprinters with bilateral amputations also achieved faster top speeds by using J-shaped 
Össur Cheetah Xtend and Ottobock 1E90 Sprinter RSPs, which increased top speed by 7.1% and 6.9% (p<0.001) 
compared to the C-shaped Freedom Innovations Catapult FX6 RSPs (Fig. 3D). These sprinters improved top 
speed by decreasing ground contact time and increasing peak vertical ground reaction force. Interestingly, we 
found no effect of RSP height on top speed in sprinters with unilateral or bilateral transtibial amputations. 
 
In general, the results of our studies show that the stiffness of an RSP, which depends on the sagittal plane 
alignment, can affect metabolic costs and biomechanics and use of J-shaped RSPs improves performance 
compared to use of C-shaped RSPs. The reduced metabolic costs and improved top speeds with the use of J-
shaped compared to C-shaped RSPs may have been due to sagittal plane alignment and/or increased prosthetic 
mechanical energy return (less hysteresis). The sagittal plane alignment of the J-shaped RSPs may have yielded 
resultant GRFs that were better aligned with the leg joints, thus mitigating the muscular force required to 
counteract the ground reaction force-joint moment to support bodyweight. J-shaped RSPs recycle a greater 

Figure 2. Force-displacement for RSP models 
at 0º and representative angles for running 3 
and 6 m/s for each model. Increasing the 
sagittal plane plantarflexion angle 
(alignment) decreased RSP stiffness. α3 (15°) 
and β3 (20°) indicate measured angles 
between the RSP and peak resultant ground 
reaction force (GRF) vector while running 3 
m/s using the C-shaped (Flex-Run and 
Catapult FX6) and J-shaped RSPs (1E90 
Sprinter and Cheetah Xtend), respectively. α6 
(10°) and β6 (25°) indicate measured angles 
between the RSP and peak resultant GRF 
vector while running 6 m/s using the C-
shaped and J-shaped RSPs, respectively. A. 
Flex-Run RSP at angles of 0°, 10°, and 15°, B. 
Catapult FX6 RSP at angles of 0°, 10°, and 15°, 

C. 1E90 Sprinter RSP at angles of 0°, 20°, and 
25°, and D. Cheetah Xtend RSP at angles of 
0°, 20°, and 25°.  

A. B. 

C. D. 
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percentage of the stored elastic energy during recoil compared to the C-shaped RSPs. It is possible that the 
enhanced mechanical energy return from J-shaped RSPs in combination with better sagittal plane alignment 
mitigated the muscular work input needed to sustain running, enabling more economical force production. It is 
plausible that because RSP stiffness decreases with a more plantarflexed alignment (Table 1, Fig. 2) and we have 
found that the least stiff RSPs improve performance (Fig. 3), a more plantarflexed alignment within a given RSP 
stiffness category would further improve biomechanics, metabolic costs, performance, and satisfaction in people 
with unilateral and bilateral transtibial amputations. 
 
 

 

Figure 3. Average (±SEM) net metabolic cost of transport (CoT) for A. 10 runners with unilateral transtibial amputation and B. 5 
runners with bilateral transtibial amputations using three RSP models with the manufacturer-recommended (Rec) stiffness 
category and ±1 category at recommended height. Average (±SEM) normalized top speeds for C. 10 sprinters with unilateral 
transtibial amputation, D. 5 sprinters with bilateral transtibial amputations using three RSP models with the manufacturer-
recommended (Rec) stiffness category and ±1 or +2 category at recommended height. FDM are Freedom Innovations Catapult 
FX6, OSR are Össur Flex-Run for distance running and Össur Cheetah Xtend for sprinting, and OBK are the Ottobock 1E90 
Sprinter RSPs. The lowest net CoT, which optimized performance, occurred when A. runners with unilateral amputation used the 
OBK RSP at one category lower than Rec, and B. runners with bilateral amputations used the OBK RSPs at one category lower 
than Rec. The fastest top speed, which optimized performance, occurred when C. sprinters with unilateral amputation used the 
OBK or OSR J-shaped RSP and B. sprinters with bilateral amputations used the OBK or OSR J-shaped RSPs. There was no effect of 
stiffness category on top speed. 
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Pending Support based on BADER funded work:  
CDMRP PRORP W81XWH-17-PRORP-CTRA (Grabowski) 01/01/2018 – 12/31/2020 
Department of Defense    Total award amount: $
Project Title: Optimizing the Alignment and Performance of Running-Specific Leg Prostheses 
Short project description: We propose to quantitatively study the effects of different running-specific prosthetic 
sagittal plane alignments on running and sprinting performance in Veterans and service members with 
transtibial amputations and integrate these findings into clinical best practices for optimal prosthetic 
prescription. 

CDMRP PRORP W81XWH-17-PRORP-CTRA (Grabowski) 01/01/2018 – 12/31/2020 
Department of Defense    Total award amount: 
Project Title: Does Use of a Powered Ankle-Foot Prosthesis Improve Physical Activity? 
Short project description: We intend to compare the physical activity duration and intensity of Service members 
and Veterans with a transtibial amputation using a passive-elastic and the BiOM prosthesis to a non-amputee 
cohort. 

CDMRP PRORP W81XWH-17-PRORP-ATA (Grabowski) 01/01/2018 – 12/31/2020 
Department of Defense    Total award amount: 
Project Title: Optimizing prosthetic prescription for running in Service members with transfemoral amputations 
Short project description: The overall goal of this project is to develop objective guidelines for prescribing 
running-specific prostheses to Service members, Veterans, and civilians with transfemoral amputations. 

CDMRP ORORP W81XWH-16-OPORP-PORA (Grabowski) 01/01/2018 – 12/31/2020 
Department of Defense    Total award amount: 
Project Title: Optimizing the Alignment and Performance of Running-Specific Leg Prostheses 
Short project description: We propose to quantitatively study the effects of different running-specific prosthetic 
sagittal plane alignments on running and sprinting performance in Veterans and service members with 
transtibial amputations and integrate these findings into clinical best practices for optimal prosthetic 
prescription. 

CDMRP DHA-17-CRII-MWHRA (Wyatt)                      01/01/2018 – 12/31/2020          
Department of Defense     Total award amount: 
Project Title: Optimizing Orthotic and Prosthetic Components for Military Women with Limb Salvage or  
Amputation 
Short project description: The goals of this project are to determine how the stiffness and weight of an orthosis 
(IDEO) or running-specific prosthesis effect the running performance and preference of female Service members 
with limb salvage or leg amputations. 

Submitted but Unfunded Support: 

VA Merit Review “Optimizing Leg Prosthetic Stiffness for Level, Uphill, and Downhill Running” Grabowski PI (Not 
Awarded) 

CDMRP Orthotics and Prosthetics Outcomes Research Program “Optimizing Running-Specific Leg Prosthetic 
Stiffness for Uphill & Downhill Running” Grabowski PI (Not Awarded) 

BADER Consortium Project Proposal CDMRP PRORP “Effects of leg prosthetic stiffness on uphill & downhill 
running” Grabowski PI (Not awarded) 
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BADER Consortium Project Proposal CDMRP PRORP “Overcoming obstacles with a trans-tibial amputation” 
Grabowski PI (Not awarded) 

BADER Consortium Project Proposal CDMRP PRORP “Optimizing trans-femoral prosthetic prescription for 
running performance” Grabowski PI (Not awarded) 

BADER Consortium Project Proposal CDMRP PRORP “The effects of running-specific leg prosthetic alignment on 
running and sprinting performance” Grabowski PI (Not awarded) 

Publications in Refereed Journals (BADER-related only): 

ON Beck, P Taboga, & AM Grabowski. How do prosthetic stiffness, height, and running speed affect the 
biomechanics of athletes with bilateral transtibial amputations? 14: 20170230. Published 28 June 2017. Royal 
Society Interface DOI: 10.1098/rsif.2017.0230 

ON Beck, P Taboga, & AM Grabowski. Prosthetic model, but not stiffness or height, affects the metabolic cost of 
running for athletes with unilateral transtibial amputations. Published March 30, 2017. Journal of Applied 
Physiology http://jap.physiology.org/content/early/2017/03/28/japplphysiol.00896.2016  

ON Beck, P Taboga, & AM Grabowski. Reduced prosthetic stiffness lowers the metabolic cost of running for 
athletes with bilateral transtibial amputations. Published Jan. 19, 2017. Journal of Applied Physiology DOI: 
10.1152/japplphysiol.00587.2016 

ON Beck, P Taboga, & AM Grabowski. Characterizing the mechanical properties of running-specific lower-limb 
prostheses. PLoS ONE 11(12): e0168298. doi:10.1371/journal.pone.0168298, 2016. 

Invited Talks - Grabowski 
European College of Sport Science congress 2018. Invited to speak (1 of 3 speakers) for a symposium, “Do 
prosthetic legs enhance or hinder running performance?” Dublin, Ireland. 
International Conference on Intelligent Robots and Systems Invited to speak (1 of 8 speakers) for a symposium, 
“On the Energy Economy of Robotic and Biological Systems” The biomechanical and metabolic effects of using of 
powered and compliant leg prostheses on performance during human locomotion. Vancouver, British Columbia, 
Canada. 
American Orthotic & Prosthetic Association 2017. Invited to speak (1 of 8 speakers) for a symposium, “Power in 
Prosthetics” Las Vegas, NV. 
NCAA Track and Field Rules Committee 2017. The effects of using running-specific leg prostheses on the 
performance of athletes with transtibial amputations. Indianapolis, IN.  
Human Movement Variability Conference 2017. Effects of Leg Prostheses on Running, Sprinting, and Jumping 
Omaha, NE. 
CU Athletics Department Sports Governance Center 2017. Does the use of a leg prosthesis provide an 
advantage or disadvantage to Paralympic athletes? Boulder, CO.  
Boulder Valley School District Arapahoe Campus 2017. Do leg prostheses provide an advantage or 
disadvantage for running, sprinting, & jumping? Boulder, CO. 
American Academy of Orthotists and Prosthetists Annual Meeting 2017. How do leg prostheses effect the 
running, sprinting & long jump performance of Paralympic athletes? Chicago, IL. 
USOC Paralympic Ambulatory Sprints and Jumps Coaches Summit 2017. Do leg prostheses provide an advantage or 
disadvantage to Paralympic athletes? Colorado Springs, CO.  
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Department of Veterans Affairs Eastern Colorado Healthcare System Jewell Clinic Amputee Team Meeting 
2017. The effects of leg prostheses during walking, running, and sprinting. Denver, CO. 
CU Athletics Department Sports Governance Center 2016. Do leg prostheses provide an advantage or 
disadvantage to Paralympic athletes? Boulder, CO.  
University of Colorado Boulder Integrative Physiology Department Colloquium 2016. Effects of leg prostheses 
on walking, running, sprinting, & jumping. Boulder, CO. 
Keynote at CU Boulder Research Administrators Breakfast 2016. Do leg prostheses augment walking, running, 
sprinting or jumping? Boulder, CO.  
International Press Conference - Markus Rehm about to jump to Rio 2016. Biomechanical comparison of the 
long jump of athletes with and without a below the knee amputation. Cologne, Germany. 1 of 3 researchers and 
the only US researcher invited to contribute. 
Northern Arizona University Biology Department Seminar 2016. Can leg prostheses augment walking & running 
performance? https://twitter.com/cbi_nau/status/702989123976495106 Flagstaff, AZ. 
International Research Forum on Biomechanics of Running-Specific Prostheses 2016. Effects of running-specific 
leg prostheses on performance. Tokyo, Japan. 1 of 3 researchers invited from the US. 
Naval Medical Center San Diego 2015. Can leg prostheses restore function during running and/or sprinting? San 
Diego, CA 
University of Colorado Boulder Integrative Physiology Department Colloquium 2015. The effects of using leg 
prostheses during walking & running – Can we augment performance? Boulder, CO. 
American Society of Biomechanics Symposium 2015. Wearable active and passive leg prostheses; Can we 
augment performance in people with an amputation? Columbus, OH. 
 
Conference Presentations 
 
ON Beck, P Taboga, & AM Grabowski. American Society of Biomechanics 2017. Boulder, CO. How do prosthetic 
stiffness, height, and running speed affect the biomechanics of athletes with bilateral transtibial amputations? 
 
P Taboga, ON Beck, & AM Grabowski. American Society of Biomechanics 2017. Boulder, CO. Top sprinting speed 
is influenced by prosthetic model, but not stiffness or height, for athletes with bilateral transtibial amputations. 
 
ON Beck & AM Grabowski. 2017 Military Health System Research Symposium. Kissimmee, FL. How do prosthetic 
stiffness, height, and running speed affect the biomechanics of athletes with bilateral transtibial amputations? 
 
ON Beck, P Taboga, & AM Grabowski. Rocky Mountain American Society of Biomechanics 2017. Estes Park, CO. 
How do prosthetic stiffness, height, and running speed affect the biomechanics of athletes with bilateral 
transtibial amputations? 
 
ON Beck & AM Grabowski. American College of Sports Medicine 2017. Denver, CO. Is the metabolic cost of 
running different for athletes with unilateral versus bilateral transtibial amputations? 
 
KZ Takahashi, SJ Stanhope, & AM Grabowski. International Research Forum on Biomechanics of Running-Specific 
Prostheses 2017. Tokyo, Japan. Locomotion on springs: from biological limbs to prosthetic devices 
 
ON Beck & AM Grabowski. American Orthotic & Prosthetic Association 2016. Boston, MA. Characterizing the 
Stiffness of Running-Specific Prostheses. 
 
ON Beck, P Taboga & AM Grabowski. American Society of Biomechanics 2016. Raleigh, NC. Characterizing the 
Stiffness of Lower-Limb Running-Specific Prostheses. 

https://twitter.com/cbi_nau/status/702989123976495106
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KZ Takahashi, K Sharp, P Taboga, M Wyatt, & AM Grabowski. International Research Forum on Biomechanics of 
Running-Specific Prostheses 2016. Tokyo, Japan. Energy storage and return of running specific prostheses. 
 
ON Beck, P Taboga & AM Grabowski. American Society of Biomechanics 2015. Columbus, OH. Asymmetric forces 
increase the metabolic cost of running for unilateral amputees. 
 
ON Beck, P Taboga & AM Grabowski. American Society of Biomechanics 2015. Columbus, OH. Lower prosthetic 
stiffness minimizes the metabolic cost of running for individuals with bilateral leg amputations. 
 
P Taboga, ON Beck & AM Grabowski. American Society of Biomechanics 2015. Columbus, OH. Optimal running 
prostheses for sprinters with bilateral leg amputations. 
 
P Taboga, ON Beck & AM Grabowski. American Society of Biomechanics 2015. Columbus, OH. Optimal running 
prostheses for sprinters with unilateral leg amputations. 
 
ON Beck, P Taboga, & AM Grabowski. Rocky Mountain American Society of Biomechanics 2015. Estes Park, CO. 
Lower prosthetic stiffness minimizes the metabolic cost of running for individuals with bilateral leg amputations.  
 
ON Beck, P Taboga, & AM Grabowski. Rocky Mountain American Society of Biomechanics 2015. Estes Park, CO. 
Asymmetric forces increase the metabolic cost of running for individuals with a unilateral leg amputation. 
 
P Taboga, ON Beck, & AM Grabowski. Rocky Mountain American Society of Biomechanics 2015. Estes Park, CO. 
Optimal running prostheses for sprinters with unilateral leg amputations. 
 
P Taboga, ON Beck, & AM Grabowski. Rocky Mountain American Society of Biomechanics 2015. Estes Park, CO. 
Optimal running prostheses for sprinters with bilateral leg amputations. 
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“Sustainable Benefits of a Powered Ankle Prosthesis for Transtibial K2 and K3 Ambulators” 
 “The K2POWER study” 

Abstract: Advances in lower limb prostheses have allowed for improvements in function and participation in 
activities for individuals with transtibial limb loss.  Advancements in passive ankle prostheses are still limited in 
their ability to assist with forward progression and push-off because of their inability to produce positive 
network.  Recent advancements to powered prostheses have proposed the potential to provide positive 
network, returning these individuals to a level of function and efficiency similar to those without limb loss.  The 
objectives of this proposal are to identify differences in gait, efficiency, function, and quality of life between 
using a standard passive prosthesis versus a powered ankle prosthesis, and to see if changes remain stable for 
up to six months after the initial fitting.  We wish to address these objectives in individuals with lower limb loss 
that are not capable of fully interacting in their environment and community.   This proposed project will assist 
with prosthetic prescription decisions regarding individuals with transtibial limb loss with varying levels of 
function, as advanced technology is often not directed at the more disabled population, despite these 
individuals potentially having the most to gain from this technology. 

Twenty individuals with transtibial limb loss will be recruited to participate in this longitudinal study: ten who 
function at a Medicare Functional Classification Level (MFCL) K2-level and ten who function at a MCFL K3-level.  
Participants will be evaluated in their current passive ankle prosthesis, be fit with a powered ankle prosthesis, 
and be followed during six visits over six months.  Testing during these six months will include analyzing how the 
participants walk, how much energy they are using to walk, their balance and endurance, and subjective reports 
of how they feel and what they are able to do in the prosthesis.  We expect results will show differences in 
walking measures that indicate a change in risk of secondary injury to the intact limb, such as osteoarthristis; will 
identify changes in efficiency with walking and in balance and endurance; and will measure the users satisfaction 
with the device and how the user is able to interact with his/her home and community lives, to indicate 
differences in ability to re-integrate into these roles. 

Results from this proposal will have a short-term impact of helping drive prosthetic prescription of powered 
ankle prostheses for individuals with transtibial limb loss who are K2 and K3-level walkers.  The long-term impact 
of results from this proposal will be the potential for increasing opportunities for lower level walkers to have 
access to advancements in technology, especially as these technologies expand to include more joints, such as 
the knee and hip.  This proposal will be able to demonstrate the ability of a lower level walker to control and 
respond to a powered prosthetic device.  Additionally, this proposal will allow us to determine if power makes 
any positive changes to the user’s walking, efficiency, balance, endurance, and ability to engage in their daily 
activities at home and within their community, and if any changes are sustainable. 

Title: 
2013.2:   “Sustainable Benefits of a Powered Ankle Prosthesis for Transtibial K2 and 
K3 Ambulators” 

Funded Amount: 

Principal Investigator: Alison A. Pruziner, DPT  Walter Reed National Military Medical Center 
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Collaborators: 

Caitlin Mahon, MS Walter Reed National Military Medical Center 

Joseph B. Webster, MD Hunter Holmes McGuire VA Medical Center 

Bradford Hendershot, PhD Walter Reed National Military Medical Center 

David S. Tulsky, PhD University of Delaware 

IRB Approvals: Expires May 6, 2018 

Amendments: 
One amendment submitted to recruit participants with limb loss due to vascular 
causes but who are currently in a recovered/remission state in their disease. 

Adverse events: None reported 

Serious adverse events: None reported 

Problems or barriers to 
research: 

None reported 

Recruitment: 
Total number of subjects contacted:  14 
Total number of potential subjects screened:  12 
Total number of subjects enrolled:  9 

Finances: 

Award amount:   
Spent to date:  
% spent to date:  51%  
Project dates:  03/01/2014 – 09/29/2019 
% complete:  67% 

Research Progress Update:   

For each aim, describe: (a) what you have done, (b) what the next steps will be, (c) the administrative and 
scientific challenges you have experienced and (d) what you are doing to overcome them.   

a) Aim 1: During this quarter, one participant initiated data collection, completed data collection in his
passive foot and has been fit with his powered prosthetic foot.
Aim 2: During this quarter, one subject completed data collection, three previously enrolled subjects
continued their data collections (three data collection sessions), and one participant withdrew from data
collection due to the time and travel commitments.
Both Aims: During this quarter, an interim data analysis was also initiated to develop an abstract for
submission to the American Academy of Prosthetics and Orthotics. Further discussed below, efforts
have been initiated this quarter to add the Richmond VA as a recruitment and data collection site.

b) Aim 1: During the upcoming quarter, we will continue post (power) collections for the newly enrolled
participant, and recruitment efforts will continue through the Department of Rehabiltation at WRNMMC
to help us meet our recruitment goals.
Aim 2: During the upcoming quarter, collection will continue for the participants listed above (five
additional follow-up collections scheduled).
This quarter will also be spent completing regulatory requirements to add the Richmond VA as a
recruitment and data collection site, and completing investigator training to ensure seamless data
collection once approval has been obtained. We will be bringing a new team member onboard to assist
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with these efforts, and this quarter will be ensuring this team member becomes fully trained to 
independently conduct data collection sessions. Finally, we will finalize the interim analysis to submit an 
abstract to the American Academy of Prosthetics and Orthotics. 

c) Recent changes in local recruitment regulation has limited our recruitment opportunities to only DoD 
health care beneficiaries.  Therefore, efforts have been initiated to add the Richmond VA as a 
recruitment and data collection site.  At this time, there are no plans to continue civilian recruitment. 

d) Formally expand recruitment and collection to the Richmond VA by adding them as a site. 

 

Preliminary results: 

No new data to be presented at this time, but interim analysis in process and data will be provided in next 
quarter report. 

 

Study completion projection:  September 29, 2019 

 

Presentations (BADER-related only):  

Pruziner AL. Sustainable Benefits of a Powered Ankle Prosthesis for Transtibial K2 and K3 Ambulators. The 
BADER Consortium Government Steering Committee Meeting. 19 February 2014 
 
Pruziner AL. Sustainable Benefits of a Powered Ankle Prosthesis for Transtibial K2 and K3 Ambulators. The 
BADER Consortium Government Steering Committee Meeting. 20 February 2015 
 
Wingate AF, Kisala PA, Pruziner AL, Dearth CL, Tulsky DS. Comparison of Patient-Reported to Performance-
Based Functional Outcomes in Individuals with Unilateral Transtibial Amputation. Military Health System 
Research Symposium. 17-20 August 2015, Ft. Lauderdale, FL 
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“Development of an Assessment Toolbox to Measure Community Reintegration, Functional Outcomes and 
Quality of Life After Major Extremity Trauma” 

“QOL Toolbox” 

Abstract: As a result of Operation Iraqi Freedom (OIF), Operation Enduring Freedom (OEF), and Operation New 
Dawn (OND), an unprecedented number of wounded warriors have had combat-related major traumatic limb 
injuries that include amputation of one or more limbs.  These wounded warriors are typically treated for long 
periods of time at Military Treatment Facilities (MTF) within the Department of Defense (DoD) and later, upon 
discharge from active duty, at Department of Veterans Affairs Medical Centers (VA) or civilian hospitals.  
Unfortunately, the health care that is provided across the DoD MTF sites and the VAs is not well coordinated. 
Individual clinicians and researchers use a wide variety of measurement tools to assess their patients and the 
lack of standardization across sites makes it difficult to track progress or compare functioning and outcomes 
across the major treatment facilities.  This often results in a lack of coordination of medical care. From a 
research perspective, the lack of uniformity in measurement tools makes it difficult to compare patients across 
studies or follow individuals over time as they are transferred to and receive care from different medical 
facilities. This hinders our ability to study these injured service persons over time to better understand their 
course of recovery and identify the most effective types of treatments. Because upper limb injury was a rare 
occurrence prior to OEF/OIF/OND there have been few studies on this patient group and little evidence to 
inform the design of optimal clinical care guidelines.  

 
People who have had upper extremity amputation of one or both hands and/or arms, major traumatic damage 
to their limbs without amputation, or who have had multi-limb amputations are understudied groups.  When 
research is performed, the medical community has focused on assessment of patient physical functioning (e.g., 
limitations in an individual’s strength and their ability to walk and stand) and placed less emphasis on 
measuring the injured individual’s ability to return back to a healthy and productive life by participating in 
society, and resuming work and social relationships (known as community reintegration). Entire areas of 
functioning revolving around social participation have been largely ignored in clinical practice.  Moreover, 
without coordination between the MTFs, the VAs, and civilian hospitals, researchers and clinicians at the 
different sites will use different measures, making it very difficult to accumulate data across sites.   A 
coordinated approach to assessment for this population would help improve clinical care and allow research at 
different sites to be aggregated. This grant hopes to improve all of these things. 
 
A central aim of this grant is to develop a “toolbox” of outcome assessments that is comprehensive and includes 
measures of community integration and quality of life, as well as assessments of physical activity and limitations 
in body functions.  The proposed study is unique because it brings together a large group of clinicians and 
researchers from the major military treatment facilities that treat individuals with traumatic amputation (i.e., the 
Center for the Intrepid/San Antonio Military Medical Center, Naval Medical Center in San Diego, Walter Reed 
National Military Medical Center) and one of the largest VA hospitals and amputation centers (Tampa VA) and 
one of the oldest and largest civilian hospitals (Rusk Rehabilitation at New York University) along with leaders in 
measurement from the University of Michigan and Providence VA. This grant will bring together a diverse team 
of stakeholders (individuals who have had catastrophic limb trauma, clinicians, policy makers, and research 
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investigators) with many representatives from our participating sites to discuss and agree on a series of common 
measures and scales that can help bring standards and uniformity to the field.  

Given the dearth of research on individuals with upper extremity amputation, we plan to validate the toolbox 
by administering the upper extremity toolbox measures to individuals who have had upper limb amputation at 3 
MTFs, a VA, and a civilian hospital.  The instrument will be reassessed to help us ascertain reliability and other 
psychometric properties.   Through this collective work we will introduce a new level of cooperation and 
uniformity to the field.  We will study individuals with upper extremity amputations, a subgroup of injured 
service people who have been underrepresented in research in the past.  We will also emphasize the vital areas 
of community reintegration and quality of life assessment with MTF and VA clinical practice to improve the lives 
of individuals who have had these traumatic limb injuries. These efforts will ultimately result in improvements 
to clinical practice which will directly benefit persons with both combat and non-combat related limb trauma and 
amputation. 

Title: 
2013.3:   “Development of an Assessment Toolbox to Measure Community 
Reintegration, Functional Outcomes and Quality of Life After Major Extremity 
Trauma” 

Funded Amount: 

Principal Investigator: David Tulsky, PhD University of Delaware 

Collaborators: 

Alison Pruziner, DPT; 
Christopher Dearth, PhD 

WRNMMC 

Jill Cancio, PhD BAMC/CFI 
Marilynn Wyatt, MPT NMCSD 
Hilary Bertisch, PhD NYU Langone Medical Center 
Linda Resnik, PT, PhD Providence VA Medical Center 
Gayle Latlief, DO James A. Haley Veteran’s Hospital, Tampa FL 
Claire Kalpakjian, PhD University of Michigan 

The Toolbox project was approved later than anticipated (May, 2015) and, hence, work began much later than 
planned and steady progress has been made to “catch up” and ensure that all deliverables will be accomplished 
by March 2018 (given the BADER no-cost extension).  From May-December, 2015 (when scientific staff was 
hired), we were very active initiating start-up activities.  This included:   

Number of subjects enrolled Focus groups: 56 patients, 34 providers 

Toolbox administration:  59 participants (12 lower extremity, 47 
upper extremity) 

IRB Approvals Expires:  November 25, 2017 
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1. Establishment of subcontracts with Tampa VA, Henry H. Jackson Foundation, Geneva Foundation, 
Oceanside, University of Michigan, and New York University. 
 

2. Recruitment and hiring of scientific personnel at University of Delaware who have extensive 
experience in outcomes research, including: Jerry Slotkin, Ph.D., Matt Cohen, Ph.D., Deborah 
Micklos, MA, James Holdnack, PhD, Callie Tyner, PhD, Keith Bredemeier, PhD, and Aaron Boulton, 
PhD.  The experience and high caliber of the team greatly enhances our ability to meet project 
deliverables.  
 

3. Additionally, 6 scientists were trained to serve as “focus group moderators” to allow for rapid 
collection of data and streamline the timeline.  The moderators included: David Victorson, Ph.D., 
David Tulsky, Ph.D., Matt Cohen, Ph.D., Hilary Bertisch, Ph.D., Carly Maletich, MA, and Pamela 
Kisala, MA.   
 

4. Recruitment and hiring of senior administrative support was conducted. Vanessa Foreman started as 
a senior business administrator on December 1, 2015 and has been in charge of facilitating Toolbox 
subcontracts, subcontractor payments, and budget management for the project. She works closely 
with other recently hired personnel. Vanessa left the University in October 2017.  Rachel Strickland 
from BADER/UD will support Toolbox activities until a replacement is hired. 
 

5. We have met in person multiple times with Alison Pruziner and Chris Dearth at WRNMMC, Jason 
Wilken and Jill Cancio at Center for the Intrepid, Marilynn Wyatt at the NMCSD and Gail Latlief at 
the Tampa VA to discuss revised timelines and project goals. 

 
Most of the research activities have been accomplished.  The research activities to date include:  
 

1. An initial set of focus groups was successfully completed at WRNMMC, Center for the Intrepid, and 
NMCSD.  In addition, focus groups were completed in early 2016 at the Tampa VA, and follow-up 
focus groups were held at CFI and WRNMMC,  to ensure adequate sample size for our research, and 
based on recommendations from the investigator team (see Appendix E for more details). 
 

2. Qualitative analyses have been conducted on these data.  Several steps were undertaken to 
accomplish our goals.  These include: 

a. Transcription of focus group meetings 
b. “Chunking” of focus group transcripts 
c. Creation of a codebook 
d. Codebook review by project co-investigators 
e. Identification, hiring, and training of coders 
f. Achievement of inter-rater reliability target 
g. Completion of coding process 
h. Data analyses and preparation of tables and a formal presentation of results 
i. An “executive summary” of the process and results 
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3. A state-of-the-art systematic literature review has made substantial progress and nears completion.   

a. A review of 36 measures (94 distinct scales) and 156 articles on community reintegration 
has been completed.  Furthermore, a manuscript to disseminate this work has been 
prepared and published. 

b. A review of 55 measures and 260 articles for upper extremity has been completed.  A 
manuscript describing this work has been completed and published. 

c. A review of 16 measures and 69 articles for lower extremity performance measures has 
been completed to date.  A draft methodology has been written and article reviews 
continue.    

d. Finally, a review of 16 measures and 73 articles on quality of life has been completed to 
date.  Additional search terms have been added and significant additional work has been 
recommended to ensure thoroughness. 

e. Given the increased scope of work in identifying additional articles and measures, and the 
amount of time needed to review, the timeline has been updated for completion.  It will be 
completed by October 2017, with draft articles targeted for February 2018. 
 

4. Two in-person investigator meetings have been held on November 18-19 in Chicago and April 27-29 
in Bethesda with all key BADER Toolbox Co-Investigators and stakeholders. These have been highly 
successful in providing opportunities for co-investigators – including those at MTFs and VA sites – to 
see the scientific progress that had been made on the focus groups/qualitative analyses and 
literature reviews, and to begin more fully planning for the stakeholder consensus meeting, 
subsequent data collection, and other project deliverables.  
 

With an emphasis on thoroughness, quality, and timeliness, we have moved effort and work into the next grant 
year and based upon discussions with the investigative team, several decisions were made that impact the 
scope of work of this project.  This work is being accomplished with no or minimal impact on the total budget of 
the project.  However, funds and timing of tasks have necessarily been shifted to the final year (2016-2017), 
with some funds and activities carried over into the granted no-cost extension year (2017-18).  Among the 
decisions/recommendations made by the team at these meetings were the following (outcomes/updates follow 
each in parentheses): 
 

a. There were concerns that “saturation of issues” had not been achieved with the focus group 
data we had already obtained in 2015.  Therefore, it was decided to conduct additional 
focus groups for upper extremity and limb salvage to ensure saturation.  (These new focus 
group meetings were held at Center for the Intrepid, Walter Reed, and Tampa VA. This 
required extensive increase in personnel time and the result was that all the qualitative 
analytic steps needed to be repeated and new analyses had to be conducted and results 
prepared.) 
 

b. The co-investigators thought that while the literature reviews were extensive, there were 
several types of orthopedic injuries that should have been included.  Hence, they argued 
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that, for thoroughness, the search teams should be expanded to include several new type of 
injuries.  This caused the scope of the literature review to triple and required significant 
increase in personnel time and delayed the timeline.  As a result, the timelines for 
completing the quality of life and lower extremity reviews were moved to winter 2017.  (To 
produce state-of-the-art reviews, the expanded reviews are in process despite the increased 
cost, and are expected to be completed by the end of October.) 
 

c. To engage as many stakeholders as possible, the group strongly suggested targeting 
presentations at key conferences including the FAAST meeting in Long Beach, CA and the 
MHSRS meeting in Florida in August. Additionally, a presentation was set up at the EACE 
quarterly meeting to provide an update and seek opportunities for collaboration.  Proposals 
for presentation were submitted and we were selected to present at the MHSRS meeting. 
Drs. Tulsky, Cohen and Slotkin attended the 2016 presentation in Orlando, FL, which met 
with positive feedback from attending stakeholders and discussion of potential new work 
opportunities.  Dr. Tulsky also attended and presented at an EACE quarterly meeting in San 
Antonio on May 17, 2016. A proposal for presentation at the 2017 MHSRS meeting was also 
been submitted and accepted for poster presentation, and was presented August 29, 2017. 
Such activities were not planned in the original project but thought to be very important by 
the group. 

 
d. Reorganize and expand the consensus meeting process to two separate meetings, 

separating upper extremity from lower extremity meetings. The overwhelming feedback 
from the team was that it would be much more productive and efficient and more inclusive 
of military expertise and leadership to hold two separate “consensus” meetings to review 
and agree upon measures to be included in the BADER Toolbox – one focused on upper 
extremities and the other focused on lower extremity functioning, with both including 
related quality of life and reintegration measures. It was strongly felt that many of the 
experts for upper vs. lower would be different, and the best recommendations and 
decisions could be made by ensuring the right people are included in each meeting, and that 
many fewer experts may attend a single meeting. It was suggested that an “upper” meeting 
be held in the early fall and a “lower” meeting be held in early winter. The impact of this 
decision was to increase the travel costs and effort to conduct this work. An upper limb 
consensus meeting was indeed held on September 26, 2016 and appears to have been 
highly successful. More on this is described under #5 below. A second meeting was held on 
February 7, 2017, and was also successful.  
 

e. Create a corresponding split in training and initiation of the data collection for the BADER 
Toolbox pilot, such that collection of upper would begin in the late fall and continue through 
spring (to allow more time to identify and collect data on participants, which comprise 80% 
of the proposed sample), and lower data collection would commence in spring and would 
require only 2-3 months to complete the smaller number of cases. This was deemed much 
more effective and efficient in targeting the appropriate measures to the appropriate group 
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of participants and to ensure the project is completed by September 2017 as planned. This 
approach also necessitates two training sessions with personnel at data collection sites, 
different, targeted training materials (including videos), etc. (Due to further changes in 
timelines and regulatory submission requirements, the data collection efforts have been 
rejoined, and there was one combined upper and lower data collection period, which was 
completed in September 2017 across four data collection sites.) 
 

f. Take opportunities to present/disseminate information to stakeholder groups to increase 
knowledge of the Toolbox effort and get feedback and buy-in. (See above description of 
MHSRS and EACE meetings. In addition, a poster presentation was prepared and presented 
for the Eighteenth Annual Research Day at James A. Haley VA Hospital as part of National VA 
Research Week, May 24, 2016, titled, “Issues Affecting Service Members with Major Limb 
Trauma.” Also, a poster was presented at the annual Rehabilitation Psychology Conference 
on February 18, 2017, titled, “Psychosocial Challenges Affecting Patients with Major Limb 
Trauma.” A poster was presented at MHSRS on August 29, 2017, titled, “Development of the 
BADER Toolbox for Measuring Major Extremity Trauma Outcomes in a Military Service 
Member Population.” Finally, a proposal for presentation has been accepted for ACRM for 
October 28, 2017.) 
 

5. The investigator team spent more than four months preparing for and conducting the upper limb 
consensus meeting, held on September 26, 2016. Preliminary work included identifying potential 
invitees to be nominated for each of the consensus meetings to be held. This included several 
rounds of meetings, discussions by team members with prospective invitees, the compilation of a 
detailed list of prospects, and nominations submitted by each team member. A compilation of the 
nominations was sent to the investigator team based on their individual input, and consensus on 
whom to invite was decided. Letters of invitation were then drafted and sent for the upper meeting, 
and there was overwhelming and enthusiastic response from invitees, which included specialists of 
all types who have experience with upper limb trauma and amputation and measurement, as well as 
military medical leadership, including DoD, VA, and EACE, and academic representation. A 3-hour 
virtual meeting was held and included 30 external representatives, as well as the Toolbox 
investigator team. University of Delaware representatives traveled to WRNMMC, CFI, and Naval 
Medical Center San Diego to participate in person with attendees at those sites (approximately half 
of the group overall), to help ensure maximum engagement and to directly interact with these 
attendees and gain their perspectives. At this meeting, we presented materials outlining key 
decision parameters of a Toolbox (what content domains should be covered, who should 
administer, what is the maximum time it should take for clinicians and patients, how often and 
when should the Toolbox be administered), the literature review process, results of the literature 
reviews and of the qualitative (focus group) study we conducted, and candidate measures for 
selection in the areas of community reintegration and activity (self-report and performance), as well 
as amputation-specific measures for that key subgroup. Attendees’ preferences were polled on all of 
these topics e.g., parameters, specific measures to use), using software that allowed them to see the 
results in real time. We subsequently created a set of recommendations on which attendees were 
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asked to comment, and the attendees were again anonymously polled on these recommendations. 
The second set of poll results showed overwhelming support for the recommendations, from all 
“sectors” of respondents. These measures will, in part, serve as the “Toolbox” to be piloted in 
spring/summer 2017. The meeting generated positive feedback, with some attendees interested in 
using information provided during the meeting (e.g., lists of available measures) for other projects, 
to help make decisions. A similar process was followed for the second consensus meeting, held 
February 7, 2017, to identify measures of lower limb functioning and health-related quality of life. 
More than 35 expert stakeholders participated from across the country. A final set of 
recommendations was devised and a full set of Toolbox measures to be piloted for both upper and 
lower limb trauma/amputation has been selected and agreed upon. 
 

6. Data collection using the Toolbox has been completed at the three MTFs and at Tampa VA.  NMCSD 
completed its collection with 16 cases, CFI collected 20 cases, and WRNMMC collected 18 cases. 
Tampa consented 6 participants and completed collection of 5 (the other participant could not 
complete the assessment due to hurricane). Thus, 60 participants were enrolled as planned, with 59 
total cases collected. Quality assurance of all sites’ data entry has now been completed, and data 
analyses are in process, with planned completion by November 2017. See Appendix E, F, G for 
materials developed for the Pilot Study of Toolbox.  These materials will be furthered developed and 
refined as final deliverables at the conclusion of the study. 

 
7. Plans for video training have been fully developed, and we will work in partnership with WRNMMC’s 

video services team to create professional quality training videos for the performance tests selected 
as part of the Toolbox. Draft scripts for each measure have been prepared and are being refined. 
Recording is planned for late November 2017, and will include trained administrators and volunteer 
participants from WRNMMC, to maximize authenticity. We plan to make these videos available for 
dissemination at MTFs/VAs as requested for training. A training manual has been developed as well. 
Based on discussions with the video producer at WRNMMC about their editing and post-production 
timelines, and given the need for our co-investigators to review and provide feedback, videos should 
be completed by March 2018. 

 
8. A final investigator meeting is in the early planning phase, with a goal of early 2018, to review final 

deliverables and data analyses as well as planned next steps in this research. 
 

 
Publications in Refereed Journals (BADER-related only):   
“Measuring Community Integration in Persons with Limb Trauma and Amputation: A Systematic Review” has 
been published in Archives of Physical Medicine and Rehabilitation. First author is Linda Resnik of the Providence 
VA. 

 
“Systematic Review of Measures of Impairment and Activity Limitation for Persons With Upper Limb Trauma and 
Amputation” is in press in Archives of Physical Medicine and Rehabilitation. First author is Linda Resnik of the 
Providence VA. 
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Presentations (BADER-related only):    
“BADER Toolbox Overview,” presented by D. Tulsky to EACE, San Antonio, TX, May 17, 2016. 
 
“Selection of Common Assessment Instruments and Data Elements for Individuals with Major Extremity Trauma 
and/or Amputation,” presented by M. Cohen and D. Tulsky at the Military Health System Research Symposium 
(MHSRS), August 18, 2016 (Kissimmee, FL). 
 
“Psychosocial Challenges Affecting Patients with Major Limb Trauma,” presented by C. Tyner at the 
Rehabilitation Psychology Conference, February 18, 2017 (Albuquerque, NM). 
 
“Development of the BADER Toolbox for measuring major extremity trauma outcomes in a military service 
member population” was presented at MHSRS on August 29, 2017. 
 
Changes to patient care or other patient impact as a result of the research.   

Patient impact cannot yet be known, as the Toolbox pilot was just completed. Several participant debriefing 
interviews were conducted at WRNMMC following administration of the pilot Toolbox, and the feedback was 
generally positive and that the measures can be useful in helping them receive better care. More on this will be 
provided when ready. In addition, patient experiences were reported as part of our focus groups and qualitative 
research, and have led to the creation of targeted item pools connected to these patient responses. These 
patient responses were powerful and impactful in guiding our item development plans. 
 
Other BADER Facilitated projects related to this work: 

In addition to the BAA-funded project noted above focused on developing item banks, CATs, and clinical score 
reports, the already-submitted reconstructive hand transplantation grant proposal and a new and similar pre-
proposal just submitted, we are considering proposing a similar type of project for VA funding, collaborating 
with members of EACE. This is still in the discussion phase, as many leaders and collaborators would need to be 
lined up to be successful. 

In addition, there is a clear funding need to conduct a full and formal validation study of the BADER Toolbox, 
since funding was reduced that would have accomplished that task. As such, we have submitted a PRORP-CTRA 
proposal, with the goal to have a well-validated, integrated, and feasible set of measures (common data 
elements) for use in DoD MTFs and VA clinics at regular intervals – and as selected by key stakeholders of these 
organization. This proposal will also focus on translational activities to initiate formal training protocols for CEU 
credit and to identify processes for implementation as part of clinical practice guidelines. 

Funding or other opportunities applied for and/or received based on work supported by BADER: 
 
A DoD BAA proposal, “Assessing Rehabilitation Outcomes after Severe Neuromusculoskeletal Injury: 
Development of Patient Reported Outcomes Assessment Instruments,” was submitted in April 2016 and funded 
in the summer of 2017. This work is a follow-on to our qualitative study and focus groups, and will allow the 
opportunity to create targeted item banks in areas of directly identified need for individuals with traumatic limb 
injuries.  
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A follow-up grant for the Toolbox to fully validate it and to initiate translational work at MTF sites, including 
training and offering CEUs, was submitted on September 27, 2017. 
 
Submitted but Unfunded Support:  
 
A USAMRAA (DoD) proposal was submitted in December 2016 in response to a reconstructive transplant 
research program qualitative research award funding opportunity, titled “Reconstructive Hand Transplantation: 
Qualitative Approach to Enhance Patient Reported Outcome Metrics and the Candidate Screening Process.” This 
proposal was a partnering PI submission between Dr. Tulsky/UD and Dr. Scott Tintle/WRNMMC, and would 
capitalize on several of the item banks created and to be calibrated and implemented as part of the DoD BAA 
project noted above. This proposal was not funded, but a related pre-proposal was submitted in September 
2017.    The revised proposal has been accepted for full submission and is due December 6, 2017. 
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2014.1 Maximizing Outpatient Rehabilitation Effectiveness (MORE) 

Abstract: In 2012, 31.7% of 20,452,769 outpatient visits recorded across the Department of Defense were for 
rehabilitation services associated with musculoskeletal disorders, the number one cause of disability among 
active duty service members. Data across all branches of the military indicate that the largest burden of injury 
from the Global War on Terror is extremity trauma, representing 64% of a projected $1.9 billion in disability 
benefit costs, and causing the largest percentage of days on limited duty. Nearly 50% of all extremities injuries 
involve the lower limb and fewer than 25% of service members with extremities injuries returning to their 
previous occupation. Service members with lower extremity injuries commonly undergo several months of 
outpatient rehabilitation in an effort to improve motion, strength and function, and reduce pain and disability. 
The rehabilitation process for injured service members includes personnel from many different healthcare 
specialties. Physical Therapists play a major role in the recovery process typically spending more time with the 
patient than individuals from any other specialty. While treatments interventions are commonly focused on 
physical deficits, clinicians have long recognized that a multitude of additional factors can affect rehabilitation 
outcomes. Over the past decade, there has been an increased emphasis on determining which factors affect 
how well an individual recovers from their injury, how they improve or change during the course of 
rehabilitation, and whether or not they are likely to fully recover to pre-injury function. Given the current 
climate of high patient volumes and limited clinical resources, it is increasingly important to characterize 
persistent deficits and identify predictors of positive and negative rehabilitation outcomes. 

In this study, we seek to “(d)etermine factors that predict … successful treatment of musculoskeletal conditions 
following severe extremity trauma and/or deployment related musculoskeletal injuries.” This study will provide 
valuable information that can be used to “(d)etermine the optimal treatment strategies to minimize 
impairments, maximize function and performance, and/or optimize quality of life.” Findings from this study will 
also help lessen the overwhelming negative impact these injuries have on service members, their families, and 
our military healthcare system. The proposed study will be conducted with a large group of service members 
with lower extremity injuries receiving care at three physical therapy clinics at Fort Hood, TX and Joint Base San 
Antonio, TX. This patient subject group is the exact patient population this study is intended to positively affect, 
and will result in actionable information to improve current and future clinical care within the military. A range 
of measures that characterize physical deficits, functional limitations, activity restrictions, and health related 
quality of life will be collected by clinical research staff fully imbedded within the physical therapy clinics of Fort 
Hood, TX and Joint Base San Antonio, TX. This approach not only ensures that a large percentage of service 
members with extremity injuries at these clinics will be enrolled, but that also enhances the ecologic validity of 
this study. Physical, cognitive, and psychosocial measures will be administered in parallel with rehabilitative 
care. There are three primary sources of data in this proposed study: 1) self-report surveys, 2) participant 
medical records, and 3) physical assessments. Imbedded clinical research staff will directly observe, measure, 
record, and report functional changes that occur throughout the rehabilitation processes at each of these sites. 
Assessments metrics contained in the National Institutes of Health’s (NIH) Patient Reported Outcomes 
Measurement Information System (PROMIS) will be leveraged for this study and electronically collected with 
additional outcome metrics using computer tablets (i.e. Apple iPads). De-identified data will be entered into the 
BADER Clinical Trials Database system for analysis. 
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An improved understanding of the types and magnitudes of deficits present, and their relative contributions to 
treatment success, goal attainment, and health related quality of life in a military setting is needed to effectively 
guide the use of limited clinic resources and facilitate efforts to maximize outpatient rehabilitation effectiveness. 
As final study results become available, information will be directly shared with treating therapists through 
incorporation into educational programs to promote evidence based practice and accelerate patient recoveries. 

Research Progress Update:  
Specific Aim 1: To determine factors that predict clinical outcomes following outpatient rehabilitation in a 
military setting. Information collected at the initial visit and early in the treatment process will each be used to 
predict and identify factors that influence discharge values for 1) patient and therapist reported improvements 
and goal attainment, 2) objective measures of physical capacity/ability and 3) health related quality of life. 
Measures include impairment level variables (e.g. strength and range of motion), performance on objective tests 
of physical activity, psychosocial factors (e.g. self-efficacy) and therapist related factors (e.g. experience).  

a) Enrollment of therapist and patient participants and subsequent data collection is ongoing at all orthopedic
and physical therapy clinics. Subject recruitment at the CFI continues to be a challenge due to lack of subjects 
meeting enrollment criteria. Continued attempts are being made to familiarize therapists with study dependent 
measures and the patient data collection process. Obtaining Goal Attainment Scale data from therapists has 
been challenging. Data review and quality checks are ongoing. 

b) New personnel have been hired to the study staff. The robust study procedure manual will continue to
facilitate the rapid training and integration of the new study staff. Multiple practice sessions will be conducted 
to ensure consistency and accuracy while awaiting approval of IRB amendments to add the staff. Once IRB 
amendments have been approved, identifying and recruiting study subjects into the study will be a primary 
focus of activities for the next quarter.  

Title: 2014.1:  Maximizing Outpatient Rehabilitation Effectiveness (MORE) 

Funded Amount: 

Principal Investigator: Amy Bowles, MD 
Brooke Army Medical Center, Center for the 
Intrepid 

Collaborators: 

Jason Wilken, Pt, PhD University of Iowa 

David Tulsky, PhD University of Delaware 

COL Scott Shaffer, PhD Joint Base San Antonio TX 

MAJ Sean Suttles, PT, DPT, OCS Fort Hood, TX 

Paul Kolm, PhD Christiana Care, Newark Delaware 
MAJ Owen T. Hill, PhD Center for the Intrepid, Joint Base San Antonio 

Subject Accruals: Potential subjects contacted:  200+ 
Potential subjects screened:  154 
Subjects enrolled:  154 total (136 patients, 18 therapists) 

IRB Approvals: Expires December 19, 2017 
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c) The transition of Dr Wilken to the University of Iowa and the handoff to Dr Bowles as PI has resulted in only 
minor disruption of study activities. Per his written transition plan, Dr Wilken will continue to play an active role 
in the study. The subaward to Iowa for the study has taken longer than expected to complete.  
 
d) Please see above.  
 
Specific Aim 2: To determine the extent to which patient reported and observed outcomes change and covary 
during the course of outpatient rehabilitation. Function of the limb, objective assessments (impairment and 
physical activity measures) and subjective reports of physical ability along with symptomatology are used to 
assess recovery following musculoskeletal injury. The extent to which these measures and psychosocial factors 
covary and change during the course of rehabilitation is largely unknown. We will use data from the  
initial visit, quarter-point, half-point and discharge to determine the extent to which measures change over the 
course of care and determine if between-measure associations change over the course of care.  
 
a) See above Aim 1a.  
b) See above Aim 1b.  
c) See above Aim 1c.  
d) See above Aim 1d.  
 
Specific Aim #3. To determine the magnitude of residual deficits following completion of outpatient 
rehabilitation. Military physical therapists typically work with their patients until they can successfully return to 
their desired activities and/or have reached a maximal level of recovery. However, the decision to conclude 
therapy is most commonly made using therapist and patient self-reflection with limited data establishing the 
expected or maximal rehabilitation outcome for individuals with similar injury characteristics. We will use data 
collected at the completion of care to determine the prevalence of residual biopyschosocial deficits.  
 
a) See above Aim1 a.  
b) See above Aim1 b.  
c) See above Aim1 c.  
d) See above Aim1 d  
 
 
Study Completion Projection: 9/30/2019 with a second 2-year NCE. Enrollment has been delayed due to lack of 
staffing. The University of Iowa has been added to the study as a site for enrollment to achieve desired study 
numbers. The NCE will be required to complete collection, data analysis and finalization of study activities.   
 
Significant delays associated with the human subjects regulatory process, when added to the delay in receipt of 
funds, put the project behind schedule.  As a result, it will take at a minimum, the entirety of the one year no-
cost extension to complete the study.   Although, as described in the proposal, many efforts were completed 
prior to receipt of funds, several factors have prevented timely progress.  In addition to systemic regulatory 
delays associated with the loss of IRBNet, the local IRB failed to send our initially approved protocol to HRPO for 
second tier review delaying initiation of patient recruitment.  The initiation of a new eIRB system has resulted in 
additional regulatory delays. We have recently added staff and are actively working to make up for lost time.   
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Characterization of Prosthetic Feet for Weighted Walking in Service Members with Lower-Limb Amputation 

ABSTRACT:  Our work is motivated by the lack of objective criteria for evaluating and prescribing prosthetic 
ankle-foot components for Service Members with transtibial amputations wishing to perform load carriage and 
other physically demanding tasks. Healthy intact ankle-foot systems adapt to added load by maintaining similar 
ankle motion and effective rocker shapes during walking. In contrast, most prosthetic feet are spring-like and 
continue to bend with added load, suggesting they may not mimic the physiologic system they are trying to 
replace during weighted walking. Additionally, there are currently no data to suggest which types of prosthetic 
feet will be most resistant to breakage during impact loading (e.g. loads that would be experienced when 
jumping off of a Humvee). We expect that mechanical testing will show a large diversity of mechanical 
properties of prosthetic feet based on marketing materials (some companies market extreme flexibility while 
others market limited flexibility). For the testing in Aim 2, we expect that the more flexible prosthetic foot (one 
that deforms considerably with added weight) will lead to increased loading on the intact limb during walking 
compared with the less flexible prosthetic foot. The planned testing will provide quantitative data to support the 
selection of prosthetic feet for highly active Service Members with lower-limb amputations, including data on 
impact durability and response to added loads above body weight. Prosthetic feet that can reduce loading to the 
intact limb may be prescribed to reduce the chances for long-term secondary complications of the intact limb 
(e.g. knee osteoarthritis). Although studies have been conducted on weighted walking in able-bodied persons 
and persons with lower-limb amputations, none have examined the effects of different prosthetic foot 
properties on gait. This study is innovative in that it combines the use of mechanical testing, functional testing, 
and clinical testing of prosthetic feet for persons in the highest functional levels. This comprehensive 
investigation should greatly improve our knowledge of these types of prosthetic feet and have direct 
implications for their prescription. 

Research Progress Update:    
For each aim, describe: (a) what you have done, (b) what the next steps will be, (c) the administrative and 
scientific challenges you have experienced and (d) what you are doing to overcome them.  

Title: 
2014.2:  Characterization of Prosthetic Feet for Weighted Walking in Service Members with 
Lower-Limb Amputation 

Funded Amount: 

Principal Investigator: Barri Schnall, MPT Walter Reed National Military Medical Center 

Collaborators: 
Andrew Hansen, PhD Minneapolis VA, University of Minnesota 
Bradford Hendershot, PhD Walter Reed National Military Medical Center 
Joan Bechtold, PhD University of Minnesota 

IRB Expires:  March 10 2018 

Subject Accruals: 

Minneapolis VA: 
Patients contacted: 3 
Patients screened:  3 
Patients enrolled:  3 

WRNMMC: 
Patients contacted: 20 
Patients screened:  16 
Patients enrolled:  13 
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Specific Aim 1: Determine mechanical characteristics and durability of current prosthetic feet intended for 
highly functional transtibial prosthesis users.    

a) We have completed Major Task 1 – Mechanical stiffness characterization of prosthetic feet. We 
have completed Major Task 2 – Roll-over shape characterization of prosthetic feet.  
We have completed Major Task 3 – The drop tester device has been completed and validation 
results have been analyzed and submitted as an abstract. Prosthetic feet have been dropped from 
various heights, with additional measurements obtained using the impact load cell.  

b) Next steps will be to generate a manuscript to disseminate results from Major Task 3– Impact 
durability characterization of prosthetic feet. We have been invited to submit a manuscript as part 
of a recent presentation at the O&P World Congress. 

c) n/a 
d) n/a 

Specific Aim 2: Compare biomechanical and functional outcomes between prosthetic feet with linear and non-
linear mechanical properties (“stiffness”) during weighted walking and high-intensity (CHAMP) activities.   
 

a) Human subjects testing in Specific Aim 2 has been approved by the WRNMMC IRB and HRPO. 16 
participants have been consented, 13 have been fully collected, 1 was not included in data analysis, 
and 2 withdrew from the study. 

b) Recruit and collect the final participant, finalize data analysis, and prepare manuscript for 
publication.  

c) None, other than the requirement of additional funds to purchase prosthetic feet in SA2, though this 
issue has been resolved and a path forward identified. 

d) n/a 
 

Publications in Refereed Journals (BADER-related only):   
Koehler-Nicholas, S.R., Nickel, E.A., Barrons, K., Blaharski, K.E., Schnall, B.L., Hendershot, B.D., Hansen, A.H. 
Mechanical Characterization of Prosthetic Feet for Weighted Walking. In preparation for submission to Journal 
of Biomechanics 
 
Presentations:  
Golyski, P.R., Schnall, B.L., Hendershot, B.D. Biomechanical Implications of Prosthetic Foot Stiffness For Loaded 
Walking. Poster presentation at Walter Reed National Military Medical Center 9th Annual National Capital Region 
Research Competition 

 
Golyski, P.R., Schnall, B.L., Hansen, A.H., Koehler-McNicholas, S.R., Dearth, C.L., Hendershot, B.D. Biomechanical 
Outcomes of Prosthetic Foot Stiffness During Weighted Walking. Poster presentation at  41st Annual Meeting of 
the American Society of Biomechanics 

 
Eric Nickel, Steve Morin, Gregory Voss, Sara Koehler-McNicholas, and Andrew Hansen. Impact Testing of 
Prosthetic Feet for High Activity Prosthesis Users. Poster presentation at  Military Health System Research 
Symposium.   
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Golyski, P.R., Schnall, B.L., Hansen, A.H., Koehler-McNicholas, S.R., Dearth, C.L., Hendershot,. B.D. Biomechanical 
Implications of Prosthetic Foot Stiffness for Walking with Added Load. Poster presentation at Military Health 
System Research Symposium.  

 
Eric Nickel, Steve Morin, Gregory Voss, Sara Koehler-McNicholas, and Andrew Hansen. Impact test for Prosthetic 
Feet. Podium presentation at 2017 O&P World Congress.   
 
 

Preliminary results:   

We have completed Major Task 1 - Major Task 1 (Mechanical stiffness characterization of prosthetic feet) 
was accomplished at Excelen Biomechanics Laboratory in Minneapolis, Minnesota; with data analysis 
completed at the Minneapolis VA. The images below show the testing set-up for forefoot loading within an 
MTS load frame. All 27 prosthetic feet were tested within military boots. Forefoot sections of prosthetic feet 
were tested at a 20 degree angle and heels were tested at a 15 degree angle to mimic the ISO 10328 testing 
standard. As expected, we found a high variance in forefoot stiffness properties. 
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In addition, we have determined the change in displacement associated with adding 49lbs of added weight: 
 

 
Change in displacement due to 49lbs of added load to the forefoot (loading angle = 20 degrees) 
 

 
Change in displacement due to 49lbs of added load to the heel (loading angle = 15 degrees) 
 
 

The results suggest that there are larger changes in forefoot properties between feet compared with heel 
properties. As expected, the Thrive prosthetic foot yields the lowest additional forefoot displacement when 
loaded above body weight. All Pro, Variflex, and Soleus Tactical have the largest additional displacements on the 
forefoot when loading above body weight.  
 
We have completed Major Task 2 - We have completed subtask 2.1 – Rollover shape measurements of 3 
Veterans with unilateral transtibial amputations, each using 9 different types of feet, while loaded and 
unloaded. The data have also been processed and fitted with circular arc models. Milestone 2 (Roll-over shape 
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data collected for 27 prosthetic feet for loaded and unloaded walking) has been completed. Two examples are 
shown below: 

 

There is a trend for a reduction in radius of the roll-over shapes due to added weight carriage; however, the 
amound of change in radius does not seem to correlate with changes in displacement due to the added weight. 
This suggests that the small changes in mechanical properties are either not important or that the user is 
adapting to differences in mechanical properties to maintain similar roll-over shape radii between foot 
conditions. The larger study in Aim 2 should help to further our understanding. 

Based on the results of the mechanical testing, we are recommending use of the Thrive as the “non-linear” 
prosthetic foot in Aim 2. We are also recommending the use of either the All Pro, Variflex, or Soleus Tactical as 
the more linear foot in Aim 2. Discussions within our groups have swayed toward using only Major Tasks 1 and 2 
results to determine the prosthetic feet to use in the study. The reason for this approach is that the Aim 2 study 
at Walter Reed will inform our understanding of prosthetic foot mechanical properties on function of the user. 
Durability issues that may arise with current designs will influence prosthetic choices later and may lead to 
design revisions, but these issues should not interfere with our study aimed at gaining an understanding 
between mechanical and functional properties of feet. We believe that finding the best functioning foot for 
return-to-duty is important and that any durability issues that may arise with a best-functioning foot may be 
addressable through future design revisions. 

 
Major Task 3: The drop tester for assessing impact durability characterization of prosthetic feet has been 
constructed. Validation results demonstrate the device effectively replicates free fall – Standard deviation of 
drop height measurement was 0.06mm within 1 rater, and 1.4mm between 3 raters.  
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Prostheses failed at a drop heights ranging from 0.4m to 1.0 m. At the lowest drop height, the difference 
between potential energy at the drop and impact energy calculated using velocity at impact was 4.7%. 
Additional results using the impact load cell are forthcoming. 
 

 
 
Major Task 4: Full biomechanical and functional data from Specific Aim 2 are process/analyzed for 13 
participants. In contrast to our hypotheses, preliminary results indicate larger first peak vertical ground reaction 
forces on the intact limb with the foot with non-linear (Thrive) vs. linear (Soleus Tactical) stiffness, while first 
peak prosthetic limb loads did not differ by foot. However, the mechanical characterization of the two prosthetic 
feet accomplishes in Major Task 1 may explain this observation, since the non-linear foot (vs. linear foot) 
exhibited larger stiffness values both below and above body weight. Such larger stiffnesses can translate to 
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decreased energy storage and return over stance and decreased push off on the prosthetic foot, which has been 
associated with larger intact limb loads. An analysis of prosthetic foot power further substantiates this revised 
hypothesis. Intact limb vertical ground reaction forces and prosthetic foot powers from the 13 fully processed 
study participants are shown below:  
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Key Research Accomplishments 
 

FOR THE PERIOD 

SEPTEMBER 30, 2011 – SEPTEMBER 29, 2016 
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BADER Consortium 

W81-XWH-11-2-0222 

Annual Report – Year 6 

Key Research Accomplishments 

 

Key Accomplishments in the sixth year of performance (September 30 2016 – September 29 2017): 

• The BADER consortium publication count reached 84 published abstracts/presentations and 21 
published manuscripts this year.  Additionally, 1 manuscript is in revision and 4 are in process. 

 
• Three CRC staff (Wingate, Hiebert, Hulcher) presented abstracts at the MHSRS conference August 

2017. 
 

• Updated quad charts for all BADER funded studies are included in Appendix D. 
 

• Dr. Jason Wilken resigned from the CFI and with the assistance of the BADER Consortium, completed his 
transition to the University of Iowa. The BADER Consortium will continue to work with all affected 
project PIs to implement desired and required project administrative adjustments to affected BADER 
funded projects. 
 

• In spite of staff cutbacks, the BADER Consortium provided support for 16 Military Treatment Facility 
(MTF) non-BADER funded research projects and 7 related activities (see Appendix C). Other 
contributions of the BADER Consortium towards MTF research capabilities included drafting protocols 
for both CAREN and gait labs, creating an Access database for tracking projects and products, preparing 
reports for the Extremity Amputee Center of Excellence (EACE), assisting with literature searches, 
conducting of training sessions on equipment and performance measures. 
 

• The BADER Consortium led efforts to establish, edit and publish the Military Medicine supplement, 
Volume 181, November/December 2016, pp. 1-80 titled “Raising the Bar: Extremity Trauma Care”. 
 

• The BADER Consortium currently coordinates and manages Institutional Review Board (IRB) 
documentation activities for 23 protocols (15 active; across 9 investigators). 
 

• The BADER Consortium established a method for holding virtual consensus meetings.  As a result, 47 
individuals from across the country – including MTF sites - were able to simultaneously participate in a 
major BADER funded Measurement Consensus Meeting. 

• The Outcomes Measurement Library for BADER-relevant outcomes measures has been established. The 
library has been updated with recent publications. This information has been provided to the BADER 
CTDB team to see how this work could be integrated with the Clinical Trials Database and used as a 
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central research and patient care tool. Permissions have been obtained for 22 of the measures to be 
included thus far. 

• During this period of performance, several grants related to BADER funding were submitted and
awarded.  The BADER Consortium has nearly seven million dollars in research proposals among various
agencies pending review and awarding.

• Dr. Tulsky’s BAA “Assessing Rehabilitation Outcomes after Severe Neuromusculoskeletal Injury:
Development of Patient Reported Outcomes Assessment Instruments” has been awarded in the amount
of $4 million

• This year, the BADER Consortium supported the submission of 17 grant applications across three of the
MTF sites (NMCP, WRNMMC, and NMCSD). Not having oversight authority, the BADER Consortium
receives little submission detail and follow-up information on these applications. In contrast, non-DoD
investigators appear to provide substantial details.

Key Accomplishments in the fifth year of performance (September 30 2015 – September 29 2016): 

• Spearheaded two AMSUS Publications for Military Medicine
• Established relationship with Thought Leadership Innovation Foundation
• Supported the submission of two BAA proposals
• Established agreement to use NIH BRICS system – a more robust protocol and data management system
• MORE project fully modeled in CTDB
• BADER Consortium highlighted in Military Medicine Supplement
• Clinical Research Core staff coordinated 20 protocols at Center for the Intrepid
• Clinical Research Core staff supported 38 research projects and 11 related activities at the MTFs
• Clinical Research Core staff submitted four abstracts to the 2016 MHSRS call for abstracts
• Supported continuing education for CRC staff – two in the Masters in Public Administration Program and

one in the MBA program.
• Biomechanics Core published a new gait symmetry index in the Journal of Applied Biomechanics based

on work done with the BADER Consortium
• Outcomes Measurement Core completed systematic review of 32 measures of physical functioning
• Outcomes Measurement Core established a measurement library for BADER relevant outcomes

measures
• Outcomes Measurement Core delivered training materials related to PROMIS
• The BADER Consortium began showing signs indicating significant maturation and advancement of

research efforts at our partner MTF and VA sites.
• This quarter, greater than $7.1M in grant proposals were submitted.
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• Research support provided by BADER Clinical Research Core staff – located at each MTF site – expanded
to include research support for 37 non-BADER-funded studies.

• The BADER Consortium received approval from HRPO to start the eighth BADER-funded project (Ruck-
Foot at WRNMMC).

• With only one completed BADER-funded project, BADER has produced five published manuscripts and
44 published abstracts.

• The BADER Consortium has been asked to facilitate engaging MTF sites in industry sponsored and FDA
approved clinical trials.

• NMCP team has fully established a novel research paradigm for studying the occurrence and
rehabilitation of musculoskeletal injuries under an aircraft carrier deployment model.

• The biofeedback paradigm tested under the return-to-run BADER-funded study has been transitioned to
use in the clinic at WRNMMC.

• The gait stability research initiative has officially launched. It is based on findings from the Step2Step
BADER-funded project. Results from the Step2Step project indicate the “Rehab Frogger” paradigm is an
effective rehabilitation training intervention to enhance the ability of patients to optimize their stepping
control strategies to maximize both stability and maneuverability. The gait stability research initiative
has substantially advanced - receiving an R01 award this quarter from the NIH to further study the
impact of the “Rehab Frogger” paradigm.

• In addition, the gait stability team has recently launched a new initiative to develop and investigate the
effectiveness of a low-cost and clinically applicable (CAREN-light) version of the CAREN system located at
several of the MTF sites. The initiative involves MTFs, industry and academia. The CAREN-light system
will provide MTF and VA clinics access to the “Rehab Frogger” paradigm.

• The RAPIDFab initiative began as a 3D printing AFO study that was originally proposed by the BADER
Consortium - but not allowed to proceed by the Government Steering Committee.

• The RAPIDFab initiative has generated over $3.5M in subsequent grant awards, six publications and
thirteen published abstracts. The RAPIDFab team, led by Dr. Wilken at the CFI, is planning its next major
grant submission.

• The Outcomes Core is preparing to execute an outcomes consensus conference expected to attract a
global sample of rehabilitation outcomes experts.

• In addition, the Outcomes Core has developed and submitted a BAA proposal for substantially advancing
the tool box of identified outcomes measures as agency wide research and patient care tools.

• The BADER supplement to Military Medicine – International Journal of AMSUS was published in
February 2016. The supplement reports on activities related to the first, “WARfighters Receiving
Innovative Orthopedic Rehabilitation (WARRIOR) Symposium: Research and Treatment of Patients with
Extremity Trauma and Amputation,” which was sponsored by the BADER Consortium and held in San
Antonio, Texas on 30 November to 4 December in conjunction with the 2015 AMSUS Meeting.

o http://publications.amsus.org/pb-assets/Supplements/181_2_Supplement.pdf
• With the news that the proposal to continue BADER efforts was not recommended for funding, BADER

transitioned to the new BADER committee structure that positions Drs. Wilken and Kaufman as co-chairs
of the BADER Consortium Committee. The committee is focused on completion of current projects and

http://publications.amsus.org/pb-assets/Supplements/181_2_Supplement.pdf
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sustainment efforts centered on the further establishment of externally funded research initiatives and 
the termination or transition of BADER components to EACE or MTF management. 

• BADER has begun eliminating staff and terminating support for core resources in alignment with its 
sustainment and transition plan.  

• Successful AMSUS meeting and creation of strong partnership 
• Discussions with EACE to strengthen partnership  
• Worked with MTF staff to develop a universal research support and capacity building model 
• Identified several large scale research initiatives 
• Worked with MTF representatives to develop an adapted Statement of Work and No Cost Extension 

budget 
• Established enhanced partnership with NIH for the use of the BRICS system 

 

Key Accomplishments in the fourth year of performance (September 30 2014 – September 29 2015): 

• Eight identified BADER funded studies are active and collecting subject data. 
• BADER Scientific Technical Cores supported six MTF proposals 
• BADER Clinical Research Core staff are supporting 64 projects at the MTFs.  This is a combination of 

BADER-funded and non-BADER funded projects.   
• The CTDB now has six active protocols for Consortium funded projects and study data for seven subjects 

has been entered 
• The Collaboration Agreement between the UD and the NIH for use of the CTDB was renewed for an 

additional two years 
• Training materials related to the CTDB were finalized and uploaded to a secure site for staff use 
• CRC staff member Dr. Steve Jamison submitted his first white paper to the Fall 2014 CDMRP call for 

proposals and was invited to submit a full proposal 
• MTF representatives have embraced the concept of creating a large-scale, nationwide Human Subject 

Recruitment Campaign 
• Dr. David Tulsky relocated to the University of Delaware to lead Outcomes Measurement initiatives 
• Polices are being developed at the University of Delaware to allow non-University personnel to be PIs on 

research proposals submitted through UD 
• Four Clinical Research Core staff had abstracts accepted for the 2015 MHSRS Conference. 
• Eight abstracts were submitted to MHSRS. 
• Received Subaward with NYU on the NMCP project “A pilot study to test the efficacy of psychologically 

based physical therapy training for treating deployed US Sailors and Marines with muscoloskeletal 
injuries” 

• Fully executed subcontract with the first BADER-METRC Collaboration “The PROFIT Study: Prosthetic Fit 
Assessment in Traumatic Trans-tibial Amputees” 

 

Key Accomplishments in the third year of performance (September 30 2013 – September 29 2014): 
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• Approval of two additional BADER funded research projects bringing the total to 8 
o Project 2014.1 – Maximizing Outpatient Rehabilitation Effectiveness (MORE) 
o Project 2014.2 – Characterization of Prosthetic Feet for Weighted Walking in Service Members 

with Lower Limb Amputation 
• Successfully filled all vacant BADER funded staff positions at the MTFs 
• Provided research support to over 24 non-BADER funded on-site protocols at the MTFs 
• Began exclusive partnership with Leidos on Homeland Defense TATs IDIQ mechanism 
• Established a collaborative agreement with NIH for the use of the CTDB and modeled two protocols in 

the system. 
• Presented the BADER Consortium to the Defense Health Board, Health Care Delivery Subcommittee on 

May 21, 2014 
• Enrolled first MTF staff member into Biomechanics and Movement Science PhD program at the 

University of Delaware. 
• Established a policy at the University of Delaware for external PIs 
• Developed a process for receiving donations for research support 
• Multiple (n=6) BADER-supported proposals recommended for funding  
• First BADER-METRC Collaboration proposal recommended for funding 
• Omnibus CRADA dramatically streamlining project initiation 
• IRB – HRPO process is improved 
• CTDB being implemented on a large scale across Consortium 
• WRNMMC received approval to recruit non-military, civilian human subjects 
• Initiating nationwide Human Subjects Recruitment Initiative 
• Realized an uptick in additional grant submissions and funded projects across the Consortium 
• Planning underway for Orthopaedic Rehabilitation Research Annual Meeting 
• BADER Operations model finalized 

 

Key Accomplishments in the second year of performance (September 30 2012 – September 29 2013): 

• Approval of three additional BADER funded research projects bringing the total to 5: 
• Project 2012.2 – Returning to High-Level Performance: Walk to Run Training with 

Realtime Kinetic Feedback. 
• Project 2012.1 – Improving Step-To-Step Control of Walking in Traumatic Amputees. 
• Project 2013.1 – Prosthetic Leg Prescription (ProLegRx): What is the optimal stiffness 

and height of a running-specific prosthesis?   
• Project 2013.2 - Sustainable Benefits of a Powered Ankle Prosthesis for Transtibial K2 

and K3 Ambulators. 
• Project 2013.3 - Development of an Assessment Toolbox to Measure Community 

Reintegration, Functional Outcomes and Quality of Life After Major Extremity Trauma. 
• Recruited all eight BADER funded positions at the MTFs 
• Provided research support to nine on-site MTF research projects. 
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• IT and videoconference infrastructures 
• Continue to increase the ranks of BADER Consortium Affiliates (n=96) 
• Support NMCSD with use of UD Power Segment technique  
• Streamlined the IRB approval process by establishing blanket Institutional Award Agreement (IAA).  
• In concert with the MTFs, began development of a central research subject repository.  
• Held the first BADER Consortium annual meeting.  
• Providing valuable research support through Consortium funded on-site employees. 
• On-boarded multiple agencies to the omnibus CRADA to reduce administrative hurdles and allow rapid 

execution of research studies. 
• Established a research related travel support policy and supported travel expenses for collaborators to 

visit MTF sites and two MTF personnel to present at the American Society of Biomechanics (ASB) 
scientific meeting. 

• Supporting multiple proposals for external funding. 
• Strengthen research collaborations and partnerships between MTFs, VA and research focused 

institutions. 
• The live instance of the NIH supplied Protocol and Data Management System (PDMS) is up and running 

on BADER servers. 
• Development of table and announcement for alternative project funding models. 
• Strategizing with NIH officials. 
• Outreach and meetings with VA. 
• BADER Consortium Web-site development continues: 

o Secure log-in to the website completed 
o Core services request form completed 
o Additional enhancements being explored 

 
Key Accomplishments in the first year of performance (September 30 2011 – September 29 2012): 

• Approval and establishment of two clinical research projects 
• HRPO clearance and start of first project (Dingwell) 
• Initiated the development of first IRB of record outside the MTFs (Davis) 
• Initiated the development of partnership with Nike, USA (Davis) 
• Development and implementation of an Omnibus Cooperative Research and Development Agreement 

(CRADA) 
• Established a consortium-wide protocol and data management system 
• Partnered with the DoD and VA’s Extremity Trauma and Amputation Center of Excellence (EACE) 
• Worked with the EACE to develop research focus (gap) areas for the BADER Consortium call for 

proposals 
• Established a complete process for the call, submission, review and selection of Consortium funded 

projects 
• Published the BADER Consortium call for clinical research proposals 
• Established the BADER Consortium web site and standard operating procedures (SOPs) 



 

- 67 - 
 

• Initiated the hiring of eight research support staff to be placed onsite at MTFs. 
• Open communication with all MTFs and partners through bi-weekly teleconferences 
• Established partnerships with the VA and NIH 
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Reportable Outcomes 
for the period  

September 30, 2011 – September 29, 2017: 
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Research Projects: 

BADER Funded Projects: 

Dingwell, J., and Wilken, J. “Improving Step-To-Step Control of Walking in Traumatic Amputees” .  Sites:  
University of Texas Austin, Brooke Army Medical Center/Center for the Intrepid.   

Davis, I., and Pruziner, A. “Returning to High-Level Performance:  Walk to Run Training with Realtime Kinetic 
Feedback” .  Sites:  Spaulding Rehabilitation Hospital, Walter Reed National Military Medical Center.   

Grabowski, A., Kram, R., Stephenson, R., Litavish, M.  “Prosthetic Leg Prescription (ProLegRx): What is the 
optimal stiffness and height of a running-specific prosthesis?”  .  Sites:  Eastern Colorado Healthcare System – 
Department of Veterans Affairs, Jewell Regional Amputation Clinic.   

Pruziner, A., Webster, J., Tulsky, D. “Sustainable Benefits of a Powered Ankle Prosthesis for Transtibial K2 and 
K3 Ambulators.” .  Sites:  Walter Reed National Military Medical Center, Hunter Holmes McGuire VA Medical 
Center.   

Tulsky, D., Wilken, J., Wyatt, M., Bushnik, T., Resnik, L., Latlief, G., Kalpakjian, C., Kisala, P. “Development of an 
Assessment Toolbox to Measure Community Reintegration, Functional Outcomes and Quality of Life After 
Major Extremity Trauma.”    Sites:  New York University, University of Michigan, Walter Reed National Military 
Medical Center, Brooke Army Medical Center/Center for the Intrepid, Naval Medical Center San Diego, NYU 
Langone Medical Center, Providence VA Medical Center, James A. Haley Veterans Hospital, Tampa FL.    

Wilken, J., Tulsky, D., Shaffer, S., Houck, K., Hill, O.  “Maximizing Outpatient Rehabilitation Effectiveness 
(MORE)”.  .  Sites:  Joint Base San Antonio, TX; Ft. Hood, Kileen TX; University of Delaware.   

Schnall, B., Hansen, A., Hendershot, B., Bechtold, J.  “Characterization of Prosthetic Feet for Weighted Walking 
in Service Members with Lower-Limb Amputation.”  .  Sites:  Walter Reed National Military Medical Center; 
University of Minnesota; Minneapolis VA.  

BADER Scientific Technical Core Supported projects: 

Tulsky, D., Wyatt, M., “A Qualitative Study of Patient Reported Outcomes Measures in Individuals with Major 
Limb Trauma.”  Sites:  University of Michigan, Naval Medical Center San Diego, Brooke Army Medical 
Center/Center for the Intrepid. 

Externally Funded Projects Supporting BADER Activities or Supported by BADER: 

Tulsky, David: “Assessing Rehabilitation Outcomes after Severe Neuromusculoskeletal Injury: Development of 
Patient Reported Outcomes Assessment Instruments.”   



- 70 - 

Ziemke GW, Campello M, Rennix CP, et al. “Retrospective Administrative Limited Duty Outcome Review” 
Lovelace Respiratory Research Institute; 2012. Contract Number 2011.029. 

Morshed, S., Kaufman, K. “The PROFIT Study: Prosthetic Fit Assessment in Traumatic Trans-tibial Amputees” 
Proposal to CDMRP/PRORP, July 2013.  Recommended for funding, awaiting subcontract.   This is a 
METRC/BADER Collaboration. 

Ziemke, G., Campello, M. “A pilot study to test the efficacy of psychologically based physical therapy training 
for treating deployed US Sailors and Marines with muscoloskeletal injuries.” Proposal to CDMRP/PRORP, July 
2013.  Sites: NMCP, NYU. 

Gillespie, J., et al.  “Rapid Prototyping of Advanced Passive Dynamic Ankle-Foot Orthoses Designs for 
Wounded Warriors.”  .  Sites:  University of Delaware.  Funded by: DARPA 

Whittelsey, S., Selbie, W.S.  “Development of a Low Cost, Real-time Biofeedback Gait Retraining 
System” .  Funded by:  NIH, Phase I – SBIR.  Sites: C-Motion, LLC 

Kaufman, K. “Comparison of 3-D Gait Analysis Data Across Department of Defense Sites.”  Funded by:  Center 
Rehabilitation Sciences Research (CRSR).  Support by Biomechanics Scientific Technical Core. Sites:  Mayo Clinic, 
MTFs 

Deluzio, K. J., Selbie, W.S., “Statistical Models for Establishing a Control Data Set for Biomechanical Gait 
Analysis” .  Natural Sciences and Engineering Research Council of Canada. 

Pending Proposals for External Funding Supported by BADER: 

CDMRP PRORP W81XWH-17-PRORP-CTRA (Grabowski) 01/01/2018 – 12/31/2020 
Department of Defense    Total award amount: 
Project Title: Optimizing the Alignment and Performance of Running-Specific Leg Prostheses 
Short project description: We propose to quantitatively study the effects of different running-specific prosthetic 
sagittal plane alignments on running and sprinting performance in Veterans and service members with 
transtibial amputations and integrate these findings into clinical best practices for optimal prosthetic 
prescription. 

CDMRP PRORP W81XWH-17-PRORP-CTRA (Grabowski) 01/01/2018 – 12/31/2020 
Department of Defense    Total award amount:  
Project Title: Does Use of a Powered Ankle-Foot Prosthesis Improve Physical Activity? 
Short project description: We intend to compare the physical activity duration and intensity of Service members 
and Veterans with a transtibial amputation using a passive-elastic and the BiOM prosthesis to a non-amputee 
cohort. 

CDMRP PRORP W81XWH-17-PRORP-ATA (Grabowski) 01/01/2018 – 12/31/2020 
Department of Defense    Total award amount: 
Project Title: Optimizing prosthetic prescription for running in Service members with transfemoral amputations 
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Short project description: The overall goal of this project is to develop objective guidelines for prescribing 
running-specific prostheses to Service members, Veterans, and civilians with transfemoral amputations. 

CDMRP ORORP W81XWH-16-OPORP-PORA (Grabowski)    01/01/2018 – 12/31/2020 
Department of Defense    Total award amount: 
Project Title: Optimizing the Alignment and Performance of Running-Specific Leg Prostheses 
Short project description: We propose to quantitatively study the effects of different running-specific prosthetic 
sagittal plane alignments on running and sprinting performance in Veterans and service members with 
transtibial amputations and integrate these findings into clinical best practices for optimal prosthetic 
prescription. 

CDMRP DHA-17-CRII-MWHRA (Wyatt/Grabowski)                      01/01/2018 – 12/31/2020         
Department of Defense     Total award amount:
Project Title: Optimizing Orthotic and Prosthetic Components for Military Women with Limb Salvage or  
Amputation 
Short project description: The goals of this project are to determine how the stiffness and weight of an orthosis 
(IDEO) or running- 
specific prosthesis effect the running performance and preference of female Service members with limb  
salvage or leg amputations. 

Research Proposals - BADER Supported  
Morshed, S., Kaufman, K. “The PROFIT Study: Prosthetic Fit Assessment in Traumatic Trans-tibial Amputees” 
Proposal to CDMRP/PRORP, July 2013. 

Judkins, T. “Development of a Mobile Advanced Real-Time Kinetic System (MARKS) for Balance Rehabiliation.”  
Proposal to Department of Defense SBIR, June 2013. 

Ziemke, G., Campello, M. “A pilot study to test the efficacy of psychologically based physical therapy training 
for treating deployed US Sailors and Marines with muscoloskeletal injuries.” Proposal to CDMRP/PRORP, July 
2013. 

Ziemke, G, Campello, M.; Hiebert, R; Faulkner, DF.  Backs to work study – $500K BUMED 

Ziemke, G, Campello, M.; Hiebert, R; Faulkner, DF ACDA/ACDF study – $350K BUMED 

Ziemke, G, Campello, M.; Hiebert, R; Faulkner, DF Attrition study – $120K BUMED 

Ziemke, G, Campello, M.; Hiebert, R; Faulkner, DF Carrier study – CRMRP $1.02 mil  

Ziemke, G. “Rate of Surgical Revision in Active Duty Service Members After Anterior Cervical Disc Arthroplasty 
or Fusion for Spinal Post-Traumatic Osteoarthritis”.   CDMRP/PRORP pre-application, not invited for full 
submission. 
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Ziemke, G. “Identifying Obstacles and Facilitators of Work Re-Integration in Active Duty Sailors and Marines 
with Deployment and/or Combat-Related Musculoskeletal Injuries.” CDMRP/PRORP pre-application, not 
invited for full submission. 
 
Ziemke, Gregg:  "Factors associated with duty status outcomes in sailors who suffered musculoskeletal injuries 
during operational and combat related deployments". 
 
Stanhope, S.  “BADER Consortium – A Five Year Budget Projection” proposal for sustaining Consortium 
Operations.  Submitted July 16, 2014 to the Health Care Delivery Subcommittee of the Defense Health Board. 
 
Buchanan, T. “OA study.”  CDMRP/PRORP pre-application, not invited for full submission. 
 
The BADER Consortium Administrative Core supported, at their request, the VA with planning the upcoming, 
DEKA arm multi-center clinical trial. 

 
The MTF/BADER Consortium limb salvage team submitted an unfunded pre-proposal to the PRORP TRPA 
program. 
 
Dr. Tim Judkins with Intelligent Automation, Inc. has completed a DoD funded Phase I SBIR, Virtual Therapist 
PTSD, project and wishes to develop and execute the Phase II, clinical trial effort, through the BADER 
Consortium. 
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Manuscripts, abstracts, presentations 
 
BADER Funded Projects 
 
Publications: 
 
Beck, ON,  Taboga, P & Grabowski, AM. How do prosthetic stiffness, height, and running speed affect the 
biomechanics of athletes with bilateral transtibial amputations? 14: 20170230. Published 28 June 2017. Royal 
Society Interface DOI: 10.1098/rsif.2017.0230 
 
Beck, ON,  Taboga, P & Grabowski, AM. Prosthetic model, but not stiffness or height, affects the metabolic cost 
of running for athletes with unilateral transtibial amputations. Published March 30, 2017. Journal of Applied 
Physiology http://jap.physiology.org/content/early/2017/03/28/japplphysiol.00896.2016  
 
Beck, ON,  Taboga, P & Grabowski, AM. Reduced prosthetic stiffness lowers the metabolic cost of running for 
athletes with bilateral transtibial amputations. Published Jan. 19, 2017. Journal of Applied Physiology DOI: 
10.1152/japplphysiol.00587.2016 
 
Beck, ON,  Taboga, P & Grabowski, AM. Characterizing the mechanical properties of running-specific lower-limb 
prostheses. PLoS ONE 11(12): e0168298. doi:10.1371/journal.pone.0168298, 2016. 
 
Bothum KM, Bogan-Brown KL, Cecere FA. Proceedings of the AMSUS Summit for Federal and Civilian 
Orthopedic Rehabilitation Programs Military Medicine, 2016 Feb;181(S2):3-10. 
 
Cecere FA, Stanhope SJ, Kaufman KR, Oldham BW, Shero JC, Mundy JA, guest editors, Raising the 
Bar: Extremity Trauma Care. Military Medicine supplement 2016 Nov;181(S4):1-80. 
 
Cecere FA, Oldham BW. “Raising the Bar” in Extremity Trauma Care: A Story of Collaboration and 
Innovation. Editorial. Military Medicine 2016 Nov;181,11/12:1-2. 
 
Dingwell JB, Cusumano JP. Identifying Stride-To-Stride Control Strategies in Human Treadmill Walking 
PLoS ONE, 2015;10(4): e0124879. (Published on line 04/24/15: 
http://dx.doi.org/10.1371/journal.pone.0124879). 
 
John J, Dingwell JB, Cusumano JP. Error Correction and the Structure of Inter-Trial Fluctuations in a 
Redundant Movement Task PLoS Computational Biology, 2016;12(9): e1005118. (Published on line 
09/19/16: http://dx.doi.org/10.1371/journal.pcbi.1005118). 
 
Farrokhi S, Mazzone B, Yoder A, Grant K Wyatt M. A narrative Review of the Prevalence and Risk 
Factors Associated With Development of Knee Osteoarthritis After Traumatic Unilateral Lower Limb 
Amputation. Military Medicine 2016 Nov;181, 11/12:38-44. 
 
Kaufman KR, Stanhope SJ, Oldham BW, Cecere FA. guest editors, The New Normal Military Medicine, 
2016 Feb;181(S2):1-24. 
 
Oldham BW, Cecere FA. The New Normal of Military Orthopaedic and Rehabilitative Care. Editorial. 
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Military Medicine 2016 Nov;181(S4):1. 
 
Resnik L, Borgia M, Silver B, Cancio J. Systematic Review of Measures of Impairment and Activity 
Limitation for Persons With Upper Limb Trauma and Amputation. Archives of Physical Medicine and 
Rehabilitation. PMID: 28209508. DOI: 10.1016/j.apmr.2017.01.015 
 
Resnik L, Borgia M, Silver B. Measuring Community Integration in Persons with Limb Trauma and 
Amputation: A Systematic Review. Archives of Physical Medicine and Rehabilitation. 
http://dx.doi.org/10.1016/j.apmr.2016.08.463 PMID: 27612941 
 
Salinas MM, Wilken JM & Dingwell JB. Gait & Posture, 2017: “How humans use visual optic flow to 
regulate stepping during walking” https://doi.org/10.1016/j.gaitpost.2017.05.002 
 
Sheehan RC, Rabago CA, Rylander JH, Dingwell JB, Wilken, JM. Use of Perturbation-Based Gait 
Training in a Virtual Environment to Address Mediolateral Instability in an Individual With Unilateral 
Transfemoral Amputation Physical Therapy 2016 Dec;96(12):1896-1904. Epub 2016 Jun 8. PMCID: 
PMC5131184. 
 
Stanhope SJ, Wilken JM, Pruziner AL, Dearth CL, Wyatt M, Ziemke GW, Strickland R, Milbourne SA, 
Kaufman KR. The Bridging Advanced Developments for Exceptional Rehabilitation (BADER) 
Consortium: Reaching in Partnership for Optimal Orthopaedic Rehabilitation Outcomes. Military 
Medicine 2016 Nov;181(S4):13-19. 
 
 
In Revision 
Hseih, K.L., Sheehan, R.C., Wilken, J.M., and Dingwell, J.B. (In Revision) “Healthy Individuals are More 
Maneuverable When Walking Slower While Navigating a Virtual Obstacle Course” Gait & Posture. 
 
 
In Preparation 
Sheehan, R.C., Ruble, M.D., Dingwell, J.B., and Wilken, J.M. (In Preparation) “Individuals with Lower 
Limb Trauma Prioritize Stability over Maneuverability When Navigating a Virtual Obstacle Course” To 
submit to Gait & Posture. 
 
Dingwell, J.B., and Cusumano, J.P. (In Preparation) “Strategies for Controlling Lateral Stepping 
Movements in Human Walking” To submit to PLoS Computational Biology. 
 
Rylander, J.H., Cusumano, J.P., Wilken, J.M., and Dingwell, J.B. (In Preparation) “Frontal Plane Step- 
To-Step Control Strategies in Persons With Transtibial Amputation” To submit to Journal of 
Biomechanics 
 
Koehler-Nicholas, S.R., Nickel, E.A., Barrons, K., Blaharski, K.E., Schnall, B.L., Hendershot, B.D., 
Hansen, A.H. Mechanical Characterization of Prosthetic Feet for Weighted Walking. In preparation for 
submission to Journal of Biomechanics 

 

Abstracts/Presentations/Invited Talks: 
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Pruziner AL. Sustainable Benefits of a Powered Ankle Prosthesis for Transtibial K2 and K3 Ambulators. The 
BADER Consortium Government Steering Committee Meeting. 19 February 2014 

Pruziner AL. Sustainable Benefits of a Powered Ankle Prosthesis for Transtibial K2 and K3 Ambulators. The 
BADER Consortium Government Steering Committee Meeting. 20 February 2015 

Wingate AF, Kisala PA, Pruziner AL, Dearth CL, Tulsky DS. Comparison of Patient-Reported to Performance-Based 
Functional Outcomes in Individuals with Unilateral Transtibial Amputation. Military Health System Research 
Symposium. 17-20 August 2015, Ft. Lauderdale, FL 

 
ON, Beck, AM Grabowski. Characterizing the Stiffness of Running-Specific Prostheses. American Orthotic & 
Prosthetic Association, Boston, MA, 2016. 
 
ON, Beck, P Taboga, AM Grabowski. Characterizing the Stiffness of Lower-Limb Running-Specific Prostheses. 
American Society of Biomechanics Annual Meeting, Raleigh, NC, 2016. 
 
ON, Beck, P Taboga, AM Grabowski. Asymmetric Forces Increase the Metabolic Cost of Running for Individuals 
with a Unilateral Leg Amputation. American Society of Biomechanics Annual Meeting, OH, 2015. 
 
ON, Beck, P Taboga, & AM Grabowski. Lower Prosthetic Stiffness Minimizes the Metabolic Cost of Running for 
Individuals with Bilateral Leg Amputations. American Society of Biomechanics Annual Meeting, OH, 2015. 
 
ON, Beck, P Taboga, & AM Grabowski. Asymmetric Forces Increase the Metabolic Cost of Running for Individuals 
with a Unilateral Leg Amputation. Rocky Mountain Regional American Society of Biomechanics Annual Meeting, 
CO, 2015. 
 
ON, Beck, P Taboga, & AM Grabowski. Lower Prosthetic Stiffness Minimizes the Metabolic Cost of Running for 
Individuals with Bilateral Leg Amputations. Rocky Mountain Regional American Society of Biomechanics Annual 
Meeting, CO, 2015. 
 
ON Beck & AM Grabowski. 2017 Military Health System Research Symposium. Kissimmee, FL. How do prosthetic 
stiffness, height, and running speed affect the biomechanics of athletes with bilateral transtibial amputations? 
 
ON Beck, P Taboga, & AM Grabowski. Rocky Mountain American Society of Biomechanics 2017. Estes Park, CO. 
How do prosthetic stiffness, height, and running speed affect the biomechanics of athletes with bilateral 
transtibial amputations? 
 
ON Beck & AM Grabowski. American College of Sports Medicine 2017. Denver, CO. Is the metabolic cost of 
running different for athletes with unilateral versus bilateral transtibial amputations? 
 
ON Beck, P Taboga, & AM Grabowski. American Society of Biomechanics 2017. Boulder, CO. How do prosthetic 
stiffness, height, and running speed affect the biomechanics of athletes with bilateral transtibial amputations? 
 
P Taboga, ON Beck, & AM Grabowski. American Society of Biomechanics 2017. Boulder, CO. Top sprinting speed 
is influenced by prosthetic model, but not stiffness or height, for athletes with bilateral transtibial amputations. 
 
JP Cusumano, & JB Dingwell (2013) “On the Role of Perception in Regulating Stride-To-Stride Walking 
Dynamics,” Proceedings of the 2013 Dynamic Walking Meeting, Pittsburgh, PA, June 10-13, 2013. 
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JB Dingwell*, JP Cusumano, JH Rylander, & JM Wilken (Submitted) “How Humans Regulate Lateral Stepping 
Movements and Balance While Walking,” 2016 Biomechanics and Neural Control of Movement Conference, Mt. 
Sterling, OH, June 12-16, 2016. 
 
JB Dingwell*, JP Cusumano, JH Rylander, & JM Wilken (2016) “Frontal Plane Stepping Control and Lateral 
Balance in Human Walking,” 40th Annual Meeting of the American Society of Biomechanics, Raleigh, NC, Aug. 
2-5, 2016. 
 
JB Dingwell & JP Cusumano. (2013) “Using Perceptual Cues to Regulate Walking From Strideto-Stride,” 
Proceedings of the 43rd Annual Meeting of the Society for Neuroscience, San Diego, CA, November 9-13, 2013. 
 
JB Dingwell & JM Wilken. (Submitted) “Integrating Virtual Reality and Motion Capture for Clinical Assessment 
and Rehabilitation,” Invited Symposium Presentation, Proceedings of the 7th World Congress of Biomechanics, 
Boston, MA, July 6-11, 2014. 
 
JB Dingwell*, JH Rylander, JP Cusumano, & JM Wilken (2015) “Control Models of Lateral Stepping in Human 
Walking,” Proceedings of the 2015 Dynamic Walking Meeting, Columbus, OH, July 20-24, 2015. (Podium 
Presentation). 
 
PR Golyski, BL Schnall, AH Hansen, SR Koehler-McNicholas, CL Dearth & BD Hendershot. Biomechanical 
Outcomes of Prosthetic Foot Stiffness During Weighted Walking. Abstract accepted as poster presentation to 
41st Annual Meeting of the American Society of Biomechanics 
 
PR Golyski, BL Schnall, AH Hansen, SR Koehler-McNicholas, CL Dearth & BD Hendershot. Biomechanical 
Implications of Prosthetic Foot Stiffness for Walking with Added Load. Abstract accepted as poster presentation 
to Military Health System Research Symposium. 
 
PR Golyski, BL Schnall & BD Hendershot. Biomechanical Implications of Prosthetic Foot Stiffness For Loaded 
Walking. Poster submitted to Walter Reed National Military Medical Center 9th Annual National Capital 
Region Research Competition 
 
Grabowski: European College of Sport Science congress 2018. Invited to speak (1 of 3 speakers) for a 
symposium, “Do prosthetic legs enhance or hinder running performance?” Dublin, Ireland. 
 
Grabowski: International Conference on Intelligent Robots and Systems Invited to speak (1 of 8 speakers) for a 
symposium, “On the Energy Economy of Robotic and Biological Systems” The biomechanical and metabolic 
effects of using of powered and compliant leg prostheses on performance during human locomotion. 
Vancouver, British Columbia, Canada. 
 
Grabowski: American Orthotic & Prosthetic Association 2017. Invited to speak (1 of 8 speakers) for a 
symposium, “Power in Prosthetics” Las Vegas, NV. 
 
Grabowski: NCAA Track and Field Rules Committee 2017. The effects of using running specific leg prostheses on 
the performance of athletes with transtibial amputations. Indianapolis, IN. 
 
Grabowski: Human Movement Variability Conference 2017. Effects of Leg Prostheses on Running, Sprinting, and 
Jumping Omaha, NE. 
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Grabowski: CU Athletics Department Sports Governance Center 2017. Does the use of a leg prosthesis provide 
an advantage or disadvantage to Paralympic athletes? Boulder, CO. 
 
Grabowski: Boulder Valley School District Arapahoe Campus 2017. Do leg prostheses provide an advantage or 
disadvantage for running, sprinting, & jumping? Boulder, CO. 
 
Grabowski: American Academy of Orthotists and Prosthetists Annual Meeting 2017. How do leg prostheses 
effect the running, sprinting & long jump performance of Paralympic athletes? Chicago, IL. 
 
Grabowski: USOC Paralympic Ambulatory Sprints and Jumps Coaches Summit 2017. Do leg prostheses provide 
an advantage or disadvantage to Paralympic athletes? Colorado Springs, CO. 
 
Grabowski: Department of Veterans Affairs Eastern Colorado Healthcare System Jewell Clinic Amputee Team 
Meeting 2017. The effects of leg prostheses during walking, running, and sprinting. Denver, CO. 
 
Grabowski: CU Athletics Department Sports Governance Center 2016. Do leg prostheses provide an advantage 
or disadvantage to Paralympic athletes? Boulder, CO. 
 
Grabowski: University of Colorado Boulder Integrative Physiology Department Colloquium 2016. Effects of leg 
prostheses on walking, running, sprinting, & jumping. Boulder, CO. 
 
Grabowski: Keynote at CU Boulder Research Administrators Breakfast 2016. Do leg prostheses augment 
walking, running, sprinting or jumping? Boulder, CO. 
 
Grabowski: International Press Conference - Markus Rehm about to jump to Rio 2016. Biomechanical 
comparison of the long jump of athletes with and without a below the knee amputation. Cologne, Germany. 1 of 
3 researchers and the only US researcher invited to contribute. 
 
Grabowski: Northern Arizona University Biology Department Seminar 2016. Can leg prostheses augment 
walking & running performance? https://twitter.com/cbi_nau/status/702989123976495106 Flagstaff, AZ. 
 
Grabowski: International Research Forum on Biomechanics of Running-Specific Prostheses 2016. Effects of 
running-specific leg prostheses on performance. Tokyo, Japan. 1 of 3 researchers invited from the US. 
 
Grabowski: Naval Medical Center San Diego 2015. Can leg prostheses restore function during running and/or 
sprinting? San Diego, CA 
 
Grabowski: University of Colorado Boulder Integrative Physiology Department Colloquium 2015. The effects of 
using leg prostheses during walking & running – Can we augment performance? Boulder, CO. 
 
Grabowski: American Society of Biomechanics Symposium 2015. Wearable active and passive leg prostheses; 
Can we augment performance in people with an amputation? Columbus, OH. 
 
LD Guinn, KZ Takahashi, AR Razzook, ES Schrank & SJ Stanhope. A proposed method for PD- AFO stiffness 
prescription procedure. (Proceedings) Center for Biomedical Engineering Research Symposium, University of 
Delaware, 2011. 
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LD Guinn, KZ Takahashi, AR Razzook, ES Schrank & SJ Stanhope. Ankle Pseudo-Stiffness is Greatest During Gait 
Initiation. (Proceedings) Gait and Clinical Movement Analysis Society Conference, 2011. 
 
EM Husson, EJ Wolf, AF Wingate, IS Davis & AL Pruziner. A Case Report on the Effect of Real Time Biofeedback 
Training During Running in a Servicemember with a Unilateral Transtibial Amputation. Accepted for poster 
presentation at Military Health System Research Symposium, August 2015. 
 
NS Khattra, JJ Tierney, S Yarlagadda, N Shevchenko, JW Gillespie, ES Schrank & SJ Stanhope Carbon fiber based 
custom orthoses for augmenting net ankle moment in gait. (Proceedings) Society for the Advancement of 
Material and Process Engineering, 2013. 
 
E Nickel, S Morin, G Voss, S Koehler-McNicholas & A Hansen. Impact test for Prosthetic Feet. Abstract accepted 
as podium presentation to 2017 O&P World Congress.  
 
E Nickel, S Morin, G Voss, S Koehler-McNicholas & A Hansen. Impact Testing of Prosthetic Feet for High Activity 
Prosthesis Users. Abstract accepted as poster to Military Health System Research Symposium. 
 
AR Razzook, KZ Takahashi, LD Guinn, ES Schrank & SJ Stanhope. Predictive Model for Natural Ankle Stiffness 
During Walking: Implications for Ankle Foot Orthosis Prescription. (Proceedings) Gait and Clinical Movement 
Analysis Society Conference, 2011. 
 
AR Razzook, C Gleason, R Willy, R Fellin, IS Davis & SJ Stanhope. Average Ankle Dynamic Joint Stiffness During 
Heel Strike Running. (Proceedings) American Society of Biomechanics, 2012 
 
H Rice, ST Jamison, AL Pruziner, & IS Davis. Gait retraining to improve stance time asymmetry reduces knee 
external adduction moments: a case study of a unilateral transtibial amputee. Accepted as a thematic poster for 
presentation at the American Society of Biomechanics Annual Meeting, Columbus, Ohio, August 2015. 
 
H Rice, ST Jamison, AL Pruziner, & IS Davis. Gait-retraining to improve stance time asymmetry reduces knee 
external adduction moments: a case study of an individual with a unilateral transtibial amputation. Accepted for 
poster presentation at Military Health System Research Symposium, August 2015. 
 
JH Rylander*, JP Cusumano, JM Wilken, & JB Dingwell (2015) “Frontal Plane Stepping Control in Persons with 
Transtibial Amputation,” Proceedings of the 39th Annual Meeting of the American Society of Biomechanics, 
Columbus, OH, Aug. 5-8, 2015. (Accepted). 
 
JH Rylander, JP Cusumano, JM Wilken, & JB Dingwell (2013) “Coronal Plane Treadmill Stepping Control Strategies 
in Individuals with Transtibial Amputation,” Proceedings of the 43rd Annual Meeting of the Society for 
Neuroscience, San Diego, CA, November 9-13, 2013. 
 
JH Rylander, JM Wilken, JP Cusumano & JB Dingwell. (2014) “Strategies for controlling lateral stepping 
movements in human walking,” Proceedings of the 2014 Society for Neuroscience Annual Meeting, 
Washington, DC, Nov. 15-19, 2014. 
 
JH Rylander, EJ Beltran, JM Wilken & JB Dingwell. (2014) “Healthy Persons with Unilateral Amputation and Able 
Bodied Controls Respond Similarly To Visual Field Perturbations While Walking,” Proceedings of the 60th Annual 
Meeting of the Orthopaedic Research Society, New Orleans, LA, March 15-18, 2014. 
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JH Rylander, JM Wilken, JP Cusumano & JB Dingwell. (Submitted) “Able Bodied Persons and Individuals with 
Transtibial Amputation Employ Similar Control Strategies in the Frontal Plane during Treadmill Walking,” 
Proceedings of the 7th World Congress of Biomechanics, Boston, MA, July 6-11, 2014. 
 
MM Salinas & JB Dingwell (2014) “How Humans Use Visual Optic Flow To Regulate Stepping Movements During 
Walking,” Proceedings of the 7th World Congress of Biomechanics, Boston, MA, July 6-11, 2014. 
 
MM Salinas* & JB Dingwell (2016) “Balancing Competing Task Goals During Treadmill Walking,” 2016 Gait & 
Clinical Movement Analysis Society Annual Meeting, Memphis, TN, May 17-20, 2016. 
 
MM Salinas* & Dingwell (2016) “Goal-Relevant Correction of Conflicting Goals During Treadmill Walking,” 40th 
Annual Meeting of the American Society of Biomechanics, Raleigh, NC, Aug. 2-5, 2016. 
 
MM Salinas*, JM Wilken & JB Dingwell (2015) “How Humans Use Visual Optic Flow to Regulate Stepping 
Movements,” Proceedings of the 39th Annual Meeting of the American Society of Biomechanics, Columbus, 
OH, Aug. 5-8, 2015. (Accepted). 
 
C Samaan, J Schwartz, E Graf, IS Davis & MJ Rainbow. (2013) “A Standing Alignment System Improves Between-
Session Repeatability in gait Kinematics: A Preliminary Study,” Proceedings of the Annual Meeting of the 
American Society of Biomechanics, Omaha, NE, September 4-7, 2013 
 
ES Schrank, JS Higginson & SJ Stanhope. Compensatory Muscle Control Strategies when Walking with a 
Customized PD-AFO. (Proceedings) American Society of Biomechanics, 2011 
 
ES Schrank, JS Higginson & SJ Stanhope. A Repeatable and Predictable method to Rapidly Manufacture Function-
Customized Passive-Dynamic Ankle Foot Orthoses. Proceedings of the ASME, 2012 
 
RC Sheehan*, JH Rylander, JM Wilken, & JB Dingwell (2015) “Lower Limb Trauma Impairs Lateral Walking 
Transitions in a Virtual Obstacle Course,” Proceedings of the 39th Annual Meeting of the American Society of 
Biomechanics, Columbus, OH, Aug. 5-8, 2015. (Accepted). 
 
RC Sheehan*, JM Wilken, & JB Dingwell (2016) “Perturbation Based Gait Training May Improve the Tradeoff of 
Stability and Maneuverability in Patients with Lower Limb Injury,” XXIth Congress of the International Society of 
Electrophysiology and Kinesiology, Chicago, IL, July 5-8, 2016. 
 
RC Sheehan*, JH Rylander, JM Wilken, & JB Dingwell (2015) “A Virtual Reality Rehabilitation Program Improves 
Mediolateral Stability in a Patient with Unilateral Transfemoral Amputation,”Proceedings of the 2015 American 
Orthotic & Prosthetic Association National Assembly, San Antonio, TX, Oct. 7-10, 2015. (Accepted - Podium). 
 
RC Sheehan*, JH Rylander, JM Wilken, & JB Dingwell (Submitted) “Lower Limb Trauma Alters the Priority of 
Stability and Maneuverability While Navigating a Virtual Obstacle Course,” 2016 Gait & Clinical Movement 
Analysis Society Annual Meeting, Memphis, TN, May 17-20, 2016. 
 
RC Sheehan, JH Rylander, JM Wilken & JB Dingwell. (2014) “A virtual reality obstacle course to improve lateral 
balance control in lower limb trauma patients,” Proceedings of the 2014 Society for Neuroscience Annual 
Meeting, Washington, DC, Nov. 15-19, 2014. 
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RC Sheehan*, JH Rylander, JM Wilken & JB Dingwell (2016) “Lower Limb Trauma Alters the Priority of Stability 
and Maneuverability While Navigating a Virtual Obstacle Course,” 2016 Gait & Clinical Movement Analysis 
Society Annual Meeting, Memphis, TN, May 17-20, 2016. 
 
P Taboga, ON Beck & AM Grabowski. Optimal Running Prostheses for Sprinters with Unilateral Leg Amputations. 
American Society of Biomechanics Annual Meeting, OH, 2015. 
 
P Taboga, ON Beck & AM Grabowski. AM. Optimal Running Prostheses for Sprinters with Bilateral Leg 
Amputations. American Society of Biomechanics Annual Meeting, OH, 2015. 
 
P Taboga, ON Beck & AM Grabowski. Optimal Running Prostheses for Sprinters with Unilateral Leg Amputations. 
Rocky Mountain Regional American Society of Biomechanics Annual Meeting, CO, 2015. 
 
P Taboga, ON Beck & AM Grabowski. Optimal Running Prostheses for Sprinters with Bilateral Leg Amputations. 
Rocky Mountain Regional American Society of Biomechanics Annua lMeeting, CO, 2015. 
 
KZ Takahashi, K Sharp, P Taboga, M Wyatt, & AM Grabowski. International Research Forum on Biomechanics of 
Running-Specific Prostheses 2016. Tokyo, Japan. Energy storage and return of running specific prostheses 
 
KZ Takahashi & SJ Stanhope. Net Efficiency of the Combined Ankle-Foot System in Normal Gait: Insights for 
passive and Active Prosthetics. (Proceedings) American Society of Biomechanics, 2012 
 
KZ Takahashi, SJ Stanhope & AM Grabowski. International Research Forum on Biomechanics of Running-Specific 
Prostheses 2017. Tokyo, Japan. Locomotion on springs: from biological limbs to prosthetic devices 
 
KZ Takahashi, AR Razzook, LD Guinn, ES Schrank, TM Kepple & SJ Stanhope. Unified Deformable Segment Model 
of the Combined Ankle-Foot System that Does Work. (Proceedings) American Society of Biomechanics, 2011 
 
KZ Takahashi, AR Razzook, LD Guinn, ES Schrank & SJ Stanhope. A Model of Normal Gait Roll-Over Dynamics One 
Step Closer to Customizing Prosthetic Ankle-Foot Components. (Proceedings) Gait and Clinical Movement 
Analysis Society Conference, 2011. 
 
Tyner: “Psychosocial Challenges Affecting Patients with Major Limb Trauma,” presented by Tyner, C 
 
Tyner at the Rehabilitation Psychology Conference, February 18, 2017 (Albuquerque, NM). 
 
Tulsky: “Development of the BADER Toolbox for measuring major extremity trauma outcomes 
in a military service member population” has been accepted as a poster presentation at 
MHSRS, to be presented August 28, 2017. 
 
Tulsky: “BADER Toolbox Overview,” presented by D. Tulsky to EACE, San Antonio, TX, May 
17, 2016 
 
Tulsky: “Selection of Common Assessment Instruments and Data Elements for Individuals with 
Major Extremity Trauma and/or Amputation,” presented by M. Cohen and D. Tulsky at the 
Military Health System Research Symposium (MHSRS), August 18, 2016 (Kissimmee, FL). 
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Patents: 

None at this time 

 
BADER Supported and Related Projects 

Publications: 
• Mazzone:  Limb Salvage Versus Transtibial Amputation: A comparison of Functional Gait Outcomes. Journal 

of Orthopaedic Trauma. Manuscript In Press. 
 

• Mazzone:  Knee Osteoarthritis Prevalence and Risk Factors Associated with Traumatic Unilateral Lower Limb 
Amputations: A Narrative Review. Military Medicine. Manuscript In Press. 
 

• Mazzone:  Comprehensive Treatment Strategy for Chronic Low Back Pain in a Patient with Bilateral 
Transfemoral Amputations Integrating Changes in Prosthetic Socket Design. Journal of Prosthetics and 
Orthotics. Manuscript In Review. 

 

• Takahashi KZ, Kepple TM, Stanhope SJ. A unified deformable (UD) segment model for quantifying total 
power of anatomical and prosthetic below-knee structures during stance in gait. Journal of Biomechanics 
2012;45:2662-2667. PMID:22939292 
 

• Schrank E and Stanhope SJ.  Dimensional accuracy of ankle-foot orthoses constructed by an automated fit 
customization and rapid manufacturing framework.  Journal of Rehabilitation Research & Development 
2011;48(1):31-42. PMID:21328161 
 

• Schrank ES, Stanhope SJ.  Orthotic Device Research.  In Full Stride: The Past, Present, and Future of Lower 
Extremity Gait Systems.  Springer Publishing.  in preparation.   
 

Abstracts and Presentations: 

• Spahn K, Mazzone B, Yoder A, Wyatt M, Kuhn K. Quality of Life, Spatiotemporal Gait Parameters and Overall 
Outcomes in Patients with Elective Delayed Amputation after Failed Limb Preservation. Accepted for podium 
presentation. Society of Military Orthopaedic Surgeons Annual Meeting (SOMOS) 2016. December 2016. 
 

• Quacinella M, Mazzone B, Wyatt M, Kuhn K. Spatiotemporal Gait Improvements After Pilon Fracture Using 
The Intrepid Dynamic Skeletal Orthosis. Accepted for podium presentation. SOMOS 2016. December 2016. 
 

• Mazzone B, Schmitz K, Eskridge S, Shannon K, Hill O, Moore J, Farrokhi S. Physical Therapy Practice Patterns 
of the Military Amputee Patient. Accepted for platform presentation at APTA Combined Section Meeting 
2017. February 2017. 
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• Mazzone B, Eskridge S, Shannon K, Hill O, Moore J, Farrokhi S. Early Physical Therapy Utilization Patterns and 
Incidence of Secondary Musculoskeletal Conditions after Lower Limb Amputation. Accepted for platform 
presentation at APTA Combined Section Meeting 2017. February 2017. 
 

• Mazzone B, DePratti A, Farrokhi S, Wyatt M. Improved High-Level Performance with the IDEO after Return to 
Run Clinical Pathway.  

Platform presentation. Military Health System Research Symposium, Kissimmee, FL. August 2016. 
Poster presentation. APTA Combined Section Meeting, Anaheim, CA. February 2016. 

 
• Mazzone B, Farrokhi S, Eskridge S, Shannon K, Hill O. Timing of lower limb amputation after trauma and its 

association with manifestation of secondary musculoskeletal conditions. Platform presentation. Military 
Health System Research Symposium, Kissimmee, FL August 2016. 
 

• Yoder A, Mazzone B, Farrokhi S, Wyatt M. Changes in Intersegmental Knee Joint Forces During Walking 
Before and After Delayed Transtibial Amputation. Poster presentation. Military Health System Research 
Symposium, Kissimmee, FL August 2016. 
 

• Spahn K, Mazzone B, Yoder A, Wyatt M, Kuhn K. Spatiotemporal Gait Parameters, Quality of Life and Overall 
Outcomes in Patients Who Have Undergone Late Amputation After Failed Limb Preservation. Poster 
presentation. Military Health System Research Symposium, Kissimmee, FL August 2016. 
 

• Kingsbury T, Marks M, Mazzone B, and Wyatt M. Initial Effects of the IDEO on the Gait Quality of Limb 
Preservation Patients with Different Usage Needs.  

Poster presentation. American Society of Biomechanics, Raleigh, NC, August 2016. 
Poster presentation. Military Health System Research Symposium, Kissimmee, FL August 2016. 

 
• Yoder A, Mazzone B, Wyatt M, Farrokhi S. Symmetry of Ground Reaction Forces Before and After Delayed 

Transtibial Amputation. Poster presentation. American Society of Biomechanics, Raleigh, NC, August 2016. 
 

• Sheu R, Mazzone B, Zalewski B, Wyatt M. Comprehensive Treatment Strategy for Chronic Low Back Pain in a 
Patient with Bilateral Transfemoral Amputations Integrating Changes in Prosthetic Socket Design. Federal 
Advanced Amputation Skills Training, Long Beach, CA, July 2016. 
 

• Mazzone B, Yoder A, Wyatt M. Temporal-spatial parameters before and after delayed transtibial 
amputation. Gait and Clinical Movement Analysis Society, Memphis, TN, May 2016. 
 

• Spahn K, Mazzone B, Yoder A, Wyatt M, Kuhn K. Gait Analysis, Quality of Life and Overall Outcomes in 
Patients Who Have Undergone Late Amputation After Failed Limb Preservation. Platform presentation. 
Academic Research Competition, April 2016. 
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• Benjamin Darter, PT, PhD; Erik Wolf, PhD; Elizabeth Husson, BS, CCRC. (2016 February). Gait Adaptability in 
Persons with Traumatic Transtibial Amputation. Platform presentation at the Combined Sections Meeting, 
American Physical Therapy Association. Anaheim, CA.  

 
• Elizabeth M. Husson BS, CCRC, Brad D. Hendershot, PhD, Amanda F. Wingate, BA, Irene S. Davis PT, PhD, 

Alison L. Pruziner, PT, DPT. (2016 May). The Effectiveness of Real-time Biofeedback Retraining in Reducing 
Vertical Impact Peaks During Running in a Servicemember with Unilateral Transtibial Limb Loss. Oral poster 
session presented at the 8th Annual National Capital Region Research Competition. Bethesda, MD. *Finalist 
in the case report category*  
 

• Wolf EJ, Darter BJ, Saha D. Ankle Kinematics of Service Members With and Without Transtibial Amputation 
while Walking on a Split Belt Treadmill. Presented at American Society of Biomechanics, Columbus, OH, from 
August 5-8, 2015.  
 

• Elizabeth M. Husson BS, CCRC, Erik J. Wolf, PhD, Irene S. Davis PT, PhD, Alison L. Pruziner, PT, DPT. (2015 
August). A Case Report on the Effect of Real Time Biofeedback Training During Running in a Servicemember 
with a Unilateral Transtibial Amputation. Poster session presented at the Military Health System Research 
Symposium. Fort Lauderdale, Fl.  
 

• Wingate AF, Kisala PA, Pruziner AL, Dearth CL, Tulsky DS. Comparison of Patient-Reported to Performance-
Based Functional Outcomes in Individuals with Unilateral Transtibial Amputation. Military Health System 
Research Symposium, August 2015.  
 

• Weiser S, Campello M, Lis A, Ziemke G, Hiebert R, Faulkner, DC, Brennan, T, Iveson B, “Feasibility of Training 
Physical Therapists to Implement a Psychologically-based Physical Therapy Program for Deployed US Sailors 
and Marines with Musculoskeletal Injuries”.  Poster Session presented at Military Health System Research 
Symposium, Kissimmee, FL, August 2016 
 

• Ziemke G., Campello M., Hiebert R., Schecter-Weiner S., Rennix C., Nordin M. (August 2015) Does a 
coordinated, multidisciplinary Spine Team limit medical attrition related to work disabling spine conditions 
in the US Navy?  Poster session presented at the Military Health System Research Symposium (MHSRS), Fort 
Lauderdale, FL. August 2015. 

 
• Thesing N, Kingsbury T, Myers G, Wyatt M. Comparison of Functional Outcome Measures between Patients 

with Knee Disarticulation and Trans-Femoral Amputations Due to Trauma. Poster at American Society of 
Biomechanics. September 2013.  

 
• Kingsbury T, Marks M, Thesing N, Myers G, Isken M, Wyatt M. Use of an Amputee Gait Score to Assess 

Rehabilitation Progress. Podium at American Society of Biomechanics. September 2013. 
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• Wyatt M, Unfried B, Sessoms P, Myers G, Grabiner M, Kaufman K. Does Novel Fall-Prevention Program 
Improve Gait Parameters in Unilateral Transtibial Amputees?  

 
• Podium presentation, Gait and Clinical Movement Analysis Society (GCMAS) Annual  Conference, Cincinnati, 

Ohio May 2013. 
 

• Kingsbury T, Yoder A, Wyatt M. Reliability of Temporal-Spatial Gait Data Across Multiple Laboratories. Poster 
at Gait and Clinical Movement Analysis Society. March 2015. 

 
• Kingsbury T, Marks M, Mazzone B, Wyatt M. Initial Effects of the IDEO on the Gait Quality of Limb 

Preservation Patients with Different Usage Needs. Poster at American Society of Biomechanics. August 2016.  
 
• Djafar T, Sharp K, Kingsbury T, Collins JD, Wyatt M. The Effect of Digital Filtering Procedures on Total Power 

Below the Knee during Overground Running. Poster at American Society of Biomechanics. August 2016. 
 
• Mazzone B, Yoder A, Wyatt M. Temporal-Spatial Parameters before and after a Delayed Transtibial 

Amputation. Poster at Gait and Clinical Movement Analysis Society. May 2016. 
 
• Kingsbury T, Marks M, Mazzone B, Yoder A, Wyatt M. Initial Effects of the IDEO Brace on the Gait Quality of 

Limb Preservation Patients with Different Usage Needs. Poster at Gait and Clinical Movement Analysis 
Society. May 2016. 

 
• Kingsbury T, Marks M, Mazzone B, Wyatt M. Initial Effects of the IDEO on the Gait Quality of Limb 

Preservation Patients with Different Usage Needs. Poster at Military Health System Research Symposium. 
August 2016.  

 
• Mazzone B, DePratti A, Farrokhi S, Wyatt M. Improved High-Level Performance with the IDEO after Return to 

Run Clinical Pathway. Podium at Military Health System Research Symposium. August 2016. 
 
• Mazzone B, Farrokhi S, Eskridge S, Shannon K, Hill O. Timing of Lower Limb Amputation after Trauma and its 

Association with Secondary Musculoskeletal Conditions. Podium at Military Health System Research 
Symposium. August 2016. 

 
• Spahn K, Mazzone B, Yoder A, Wyatt M, Kuhn K. Spatiotemporal Gait Parameters, Quality of Life and Overall 

Outcomes in Patients who have Undergone Delayed Amputation after Failed Limb Preservation. Poster at 
Military Health System Research Symposium. August 2016. 

 
• Yoder A, Mazzone B, Farrokhi S, Wyatt M. Intersegmental Knee Joint Forces During Walking Before and After 

Delayed Transtibial Amputation. Poster at Military Health System Research Symposium. August 2016. 
 



 

- 85 - 
 

• Spahn K. Mazzone B, Yoder A, Wyatt M, Kuhn K. Quality of Life, Spatiotemporal Gait Parameters and Overall 
Outcomes in Patient with Elective Delayed Amputation after Failed Limb Preservation. Podium at Society of 
Military Orthopaedic Surgeons. December 2016. 

 
• Quacinella M. Mazzone B, Wyatt M, Kuhn K. Spatiotemporal Gait Improvements after Pilon fracture using 

the Intrepid Dynamic Skeletal Orthosis. Podium at Society of Military Orthopaedic Surgeons. December 
2016. 

 
• Spahn K, Mazzone B, Yoder A, Wyatt M, Kuhn K. Gait Analysis, Quality of Life and Overall Outcomes in 

Patients Who have Undergone Limb Amputation after Failed Limb Salvage. Podium at NMCSD Academic 
Research Competition. January 2016 

 
• Schrank ES, Higginson JS, Stanhope SJ. A Repeatable and Predictable method to Rapidly Manufacture 

Function-Customized Passive-Dynamic Ankle Foot Orthoses. Proceedings of the ASME, 2012 
• Razzook A, Gleason C, Willy R, Fellin R, Davis I, Stanhope S. Average Ankle Dynamic Joint Stiffness During 

Heel Strike Running. (Proceedings) American Society of Biomechanics, 2012 
 
• Takahashi KZ, Stanhope SJ. Net Efficiency of the Combined Ankle-Foot System in Normal Gait: Insights for 

passive and Active Prosthetics. (Proceedings) American Society of Biomechanics, 2012 
 
• Schrank ES, Higginson JS, Stanhope SJ. Compensatory Muscle Control Strategies when Walking with a 

Customized PD-AFO.  (Proceedings) American Society of Biomechanics, 2011 
 
• Takahashi KZ, Razzook AR, Guinn LD, Schrank ES, Kepple TM, Stanhope SJ. Unified Deformable Segment 

Model of the Combined Ankle-Foot System that Does Work. (Proceedings) American Society of 
Biomechanics, 2011 

 
• Guinn LD, Takahashi KZ, Razzook AR, Schrank ES, Stanhope SJ. A proposed method for PD- AFO stiffness 

prescription procedure. (Proceedings) Center for Biomedical Engineering Research Symposium, University 
of Delaware, 2011. 

 
• Guinn LD, Takahashi KZ, Razzook AR, Schrank ES, Stanhope SJ. Ankle Pseudo-Stiffness is Greatest During Gait 

Initiation.  (Proceedings) Gait and Clinical Movement Analysis Society Conference, 2011. 
 
• Razzook AR, Takahashi KZ, Guinn LD, Schrank ES, Stanhope SJ. Predictive Model for Natural Ankle Stiffness 

During Walking: Implications for Ankle Foot Orthosis Prescription. (Proceedings) Gait and Clinical 
Movement Analysis Society Conference, 2011. 

 
• Takahashi KZ, Razzook AR, Guinn LD, Schrank ES, Stanhope SJ. A Model of Normal Gait Roll-Over Dynamics 

One Step Closer to Customizing Prosthetic Ankle-Foot Components. (Proceedings) Gait and Clinical 
Movement Analysis Society Conference, 2011. 
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• Khattra NS, Tierney JJ, Yarlagadda S, Shevchenko N, Gillespie JW, Schrank ES, Stanhope SJ. Carbon fiber 

based custom orthoses for augmenting net ankle moment in gait.  (Proceedings) Society for the 
Advancement of Material and Process Engineering, 2013.   

 

Informatics such as databases and animal models: 

• The Consortium, through the Clinical Research Core, has executed a Collaboration Agreement with the 
National Institute of Child Health and Human Development (NICHD) for partnering on the use of the 
NICHD Clinical Trials Data Base (CTDB) as the Consortium PDMS system.  This unique partnership is 
supported by leadership at both NIH and UD and brings substantial opportunities to both parties for 
future development and now offers the Consortium a secure and dedicated instance of the NIH Clinical 
Trials Database. 

Employment or research opportunities applied for and/or received based on experience/training supported by 
this award: 

• John Collins, a biomechanist in the gait analysis laboratory at NMCSD, currently holds a BS in 
Bioengineering from UC San Diego and a MA in Kinesiology with an emphasis in Biomechanics from San 
Diego State. He has completed his first year of studies in the University of Delaware Biomechanics and 
Movement Science program and returned to NMCSD in January 2016 to work on his research project. 
He anticipates completion of degree requirements in May 2018. However, his BADER funding will be 
depleted by September 30, 2017.  

 

• Clinical Research Core staff have all found positions outside of BADER (due to funding being depleted) 
that were greatly facilitated by the opportunities supported by this award including research 
experiences, conference support and University of Delaware degree-granting and certificate programs. 
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Administrative Overview: 
 
BADER continues progress in the following areas:   
 
MTF and research initiative team building:  Regular monthly meeting of MTF and BADER personnel will continue 
and focus on engagement and sustainability efforts of the Consortium.  Through these meetings and continued 
support of the MTF needs, initiative focused teams are forming and evidence of impact and sustainability is 
mounting.   
 
Sustainability: 
 
At the request of a MTF representative, BADER leadership is actively working to implement a policy allowing 
non-University personnel to be Principal Investigators on research projects submitted through UD. As part of 
this policy, the University would return a portion of the F&A recovered back to the program.  This contribution 
of F&A back into the research would make the UD F&A profile similar to that of Henry Jackson and Geneva 
Foundations.   
 
Furthermore, at the request of a Consortium member, the University of Delaware has established an account to 
receive charitable donations directed to support and conduct specific research projects.  This fund will not carry 
indirect costs, making it highly attractive to individual donors wishing to fund research.   
 
Proposal submission: 
The central focus of the sustainability effort will be the submission of new proposals for additional funding.   
 
MTF Centric Coordination and Management:  For the duration of the BADER award, we will be flexing toward a 
new committee structure that is more MTF centric.  Over the next several quarters, working toward 
sustainability efforts, we will continue to engage BADER Consortium Affiliates into forming large research teams 
to compete for large scale, impactful clinical studies.   BADER will effectively leverage existing networks and 
establish new partnerships to identify research teams to seek external funding opportunities for sustainability of 
the Consortium.   
 
Collaborations with other Consortia/Initiatives: 
Leaders of the BADER Consortium have been working diligently to establish strong collaborations with other 
Department of Defense, VA and NIH initiatives.  By collaborating with these initiatives, the BADER Consortium 
believes it can create extraordinary research infrastructures across the DoD and VA.   
 
EACE:  Leadership from BADER met with EACE leadership and MTF representatives at Ft. Sam Houston on June 
22, 2016 to discuss transition of key BADER components to EACE or specific MTFs.  Materials were prepared 
outlining all of the resources that BADER provides to the MTFs and other affiliated researchers.  We are 
currently awaiting decisions from EACE leadership and MTF representatives on which components they would 
like to assume. 
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Veteran’s Affairs (VA): BADER leadership continues to engage the VA.  A strong partnership with the VA will be 
essential for sustainability efforts of the Consortium. 
 
National Institutes of Health (NIH): The Consortium has identified a new exciting opportunity to expand our 
relationship with the NIH by entering a Collaboration Agreement to use the BRICS PDMS.  Similar to the NIH 
CTDB, the BRICS system is more robust and will better suit the needs of the Consortium.  As the CTDB and BRICS 
are on the same general platform, the learning curve for staff will not be as steep as would be for a new 
program.  This is a great advancement for the IT infrastructure of the Consortium.  
 
The Consortium is currently working under a Collaboration Agreement with the National Institute of Child Health 
and Human Development (NICHD) for partnering on the use of the NICHD Clinical Trials Data Base (CTDB) as the 
Consortium PDMS system.  This Collaboration Agreement was renewed for an additional two years in December 
2014 – and currently remains active.   This unique partnership is supported by leadership at both NIH and UD 
and brings substantial opportunities to both parties for future development.   
 
Post baccalaureate training:  John David Collins (NMCSD) continues to progress toward his PhD in Biomechanics 
and Movement Sciences at the University of Delaware and returned to NMCSD in January 2016 to continue his 
research to complete his degree requirements.  Mr. Collins anticipates completion of degree requirements by 
August 2017.  Several MTF staff expressed interest in the Masters and PhD programs, however, with the 
decision not to continue funding for the BADER Consortium beyond September 2017, these enrollments were 
declined.  
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Conclusion 
 
As we complete year 6 (first no cost extension) period of performance, efforts continue to be focused on the 
“Engagement” and “Sustainability” phases.  BADER is actively working on the successful accomplishment of tasks 
as outlined in the proposed statement of work with the primary focus being the completion of the remaining 
research projects.   
 
As we continue to focus on sustainability efforts, BADER will effectively leverage existing networks and establish 
new partnerships to identify research teams to seek external funding opportunities for sustainability of 
Consortium activities. The significant change in personnel at MTF sites will require substantial training and 
research program facilitation. 
 
Regular monthly meeting of MTF and BADER personnel will continue and focus on engagement and 
sustainability efforts of the Consortium.  Through these meetings and continued support of the MTF needs, 
initiative focused teams are forming and evidence of impact and sustainability is mounting.   
 
Over the next two years, working toward sustainability efforts, we will continue to engage BADER Consortium 
Affiliates into forming large research teams to compete for large scale, impactful clinical grants.   
 
We look forward to continuing our work in strengthening orthopaedic rehabilitation research to bring all 
Wounded Warriors back to optimal function. 
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APPENDIX A: Affiliations 
 
Affiliations: 
 
Government partners: 

• CDMRP 
• Brooke Army Medical Center 
• Naval Medical Center Portsmouth 
• Naval Medical Center San Diego 
• Walter Reed National Military Medical Center 
• National Institutes of Health 
• Department of Veterans Affairs 
• Denver Rehabilitation Institute 
• ECBC/ADM 

 
Academic partners: 

• University of Delaware 
• Spaulding Rehabilitation Hospital 
• Mayo Clinic 
• University of Texas Austin 
• University of Colorado 
• University of Michigan 
• New York University 
• Christiana Care Health System 
• Vanderbilt University 
• University of Iowa 
• Simbex, LLC 

 
Industry partners: 

• C-Motion, Inc 
• Independence Prosthetics and Orthotics 
• BiOM 
• Ossur 
• Otto-Bock 
• Hanger Orthopedics 

 
Non-Profit partners: 

• Amputee Coalition 
• Agrability 
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APPENDIX B: BADER Consortium Affiliates 
 

Aldridge, Jennifer BADER Consortium Affiliate 
San Antonio Military Medical Center 

(SAMMC) 

Archer, Kristin R., PhD, PT, DPT 
BADER Consortium Affiliate,  

Research Advisory Committee 
Member 

Vanderbilt 

Bonato, Paolo, PhD 
BADER Consortium Affiliate,  

Research Advisory Committee 
Member 

Spaulding Rehabilitation Hospital 

Brown, Douglas BADER Consortium Affiliate Naval Medical Center San Diego (NMCSD) 

Buchanan, Thomas S., PhD BADER Consortium Affiliate University of Delaware 

Campello, Marco, PhD BADER Consortium Affiliate New York University 

Carney, Joseph BADER Consortium Affiliate Naval Medical Center San Diego (NMCSD) 

Casler, Rick BADER Consortium Affiliate BiOM 

Cella, David, PhD BADER Consortium Affiliate Northwestern University 

Childs, John D., PT, PhD, MBA 
BADER Consortium Affiliate,  

Research Advisory Committee 
Member 

Dept. of the Army 

Collins, John-David BADER Consortium Affiliate Naval Medical Center San Diego (NMCSD) 

Crandell, David, MD BADER Consortium Affiliate Spaulding Rehabilitation Hospital 

Dankmeyer, Charles H., CPO BADER Consortium Affiliate Dankmeyer, Inc. 

Davis, Irene Sprague, PhD, PT 
Director, Clinical Research - BADER 

Consortium 
Spaulding Rehabilitation Hospital 

Davis, Samuel, PhD BADER Consortium Affiliate Naval Medical Center Portsmouth (NMCP) 

de Lateur, Barbara J., MD, MS 
BADER Consortium Affiliate,  

Research Advisory Committee 
Member 

Johns Hopkins Medicine 

Dingwell, Jonathan B., PhD BADER Consortium Affiliate Pennsylvania State University 
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Dromsky, David BADER Consortium Affiliate Naval Medical Center San Diego (NMCSD) 

Evans, Boyd BADER Consortium Affiliate Oak Ridge National Labs 

Farrell, Todd R., PhD BADER Consortium Affiliate Liberating Technologies, Inc.  

Fatone, Stefania BADER Consortium Affiliate Northwestern University 

Fergason, John BADER Consortium Affiliate 
San Antonio Military Medical Center 

(SAMMC) 

Ficke, James R., PhD BADER Consortium Affiliate 
San Antonio Military Medical Center 

(SAMMC) 

Fitzgerald, G. Kelley, PhD BADER Consortium Affiliate Univeristy of Pittsburgh 

Friedman, Matthew J., MD, 
PhD 

BADER Consortium Affiliate,  
Research Advisory Committee 

Member 
Dartmouth 

Gard, Steven A., PhD BADER Consortium Affiliate Northwestern University 

Gill, Norman "Skip" LTC BADER Consortium Affiliate 
San Antonio Military Medical Center 

(SAMMC) 

Gillespie, John W., PhD BADER Consortium Affiliate University of Delaware 

Grabowski, Alena, PhD BADER Consortium Affiliate University of Colorado Boulder 

Greenwald, Rick, PhD 
BADER Consortium Affiliate,  

Research Advisory Committee 
Member 

Simbex 

Groer, Shirley, PhD 
BADER Consortium Affiliate,  

Research Advisory Committee 
Member 

Department of Veterans Affairs 

Hansen, Andrew, PhD BADER Consortium Affiliate Department of Veterans Affairs 

Hendershot, Brad BADER Consortium Affiliate 
Walter Reed National Military Medical Center 

(WRNMMC) 

Hicks, Gregory E., PhD, PT 
BADER Consortium Affiliate,  

Research Advisory Committee 
Member 

University of Delaware 
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Hopkins, Mark S., PT, CPO, 
MBA 

BADER Consortium Affiliate Dankmeyer, Inc. 

Hsu, Joseph, PhD, LTC BADER Consortium Affiliate 
San Antonio Military Medical Center 

(SAMMC) 

Jarzombek, Sandi BADER Consortium Affiliate 
San Antonio Military Medical Center 

(SAMMC) 

Kaufman, Kenton R., PhD, PE Director, Scientific Cores Mayo Clinic 

Kelley, Kevin BADER Consortium Affiliate Ottobock 

Kingsbury, Trevor BADER Consortium Affiliate Naval Medical Center San Diego (NMCSD) 

Klute, Glenn K., PhD BADER Consortium Affiliate University of Washington 

Kolm, Paul, PhD 
BADER Consortium Affiliate,  
Director, Biostatisitics Core 

Christiana Care Health Services, Inc. 

Kram, Rodger, PhD 
BADER Consortium Affiliate,  

Research Advisory Committee 
Member 

University of Colorado 

Kuiken, Todd, MD, PhD 
BADER Consortium Affiliate,  

Research Advisory Committee 
Member 

Rehabilitation Institute 
of Chicago 

Pruzier, Alison 
MTF Representative,  

BADER Consortium Affiliate 
Walter Reed National Military Medical Center 

(WRNMMC) 

Logerstedt, David, PT, PhD, 
MPT, SCS 

BADER Consortium Affiliate University of Delaware 

Ludewig, Paula M. BADER Consortium Affiliate University of Minnesota 

Milbourne, Suzanne A., PhD 
Clinical Research Core Manager,  

BADER Consortium Affiliate 
University of Delaware 

Miller, Ross H., PhD BADER Consortium Affiliate University of Maryland 

Mulroy, Sara, PhD, PT BADER Consortium Affiliate 
Rancho Los Amigos 

National Rehabilitation Center 

Neptune, Rick BADER Consortium Affiliate 
University of Texas 

at Austin 
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Nordin, Margareta  BADER Consortium Affiliate New York University 

Nowinski, Cindy, MD, PhD BADER Consortium Affiliate Northwestern University 

Owens, Johnny, PT BADER Consortium Affiliate 
San Antonio Military Medical Center 

(SAMMC) 

Pasquina, Paul, COL BADER Consortium Affiliate 
Uniformed Services University of the Health 

Sciences 

Powers, Christopher M., PhD, 
PT 

BADER Consortium Affiliate University of Southern California 

Rabago, Chris BADER Consortium Affiliate 
San Antonio Military Medical Center 

(SAMMC) 

Resnick, Linda, PhD BADER Consortium Affiliate Brown University 

Richards, James G., PhD BADER Consortium Affiliate University of Delaware 

Ritland, Bradley, CAPT BADER Consortium Affiliate 
Walter Reed National Military Medical Center 

(WRNMMC) 

Rodriguez, Kelly BADER Consortium Affiliate 
San Antonio Military Medical Center 

(SAMMC) 

Rosenthal, Michael D., CAPT BADER Consortium Affiliate Naval Medical Center San Diego (NMCSD) 

Royer, Todd, PhD BADER Consortium Affiliate University of Delaware 

Sacher, Richard S BADER Consortium Affiliate University of Delaware 

Schaffer, Scott, LTC BADER Consortium Affiliate 
San Antonio Military Medical Center 

(SAMMC) 

Schnall, Barri BADER Consortium Affiliate 
Walter Reed National Military Medical Center 

(WRNMMC) 

Scoville, Charles BADER Consortium Affiliate 
Walter Reed National Military Medical Center 

(WRNMMC) 

Selbie, William Scott, PhD 
BADER Consortium Affiliate,  
Director, Biomechanics Core 

C-Motion, Inc. 

Sessoms, Pinata BADER Consortium Affiliate Naval Medical Center San Diego (NMCSD) 
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Shim, Jae Kun, PhD BADER Consortium Affiliate University of Maryland 

Silverman, Anne BADER Consortium Affiliate 
San Antonio Military Medical Center 

(SAMMC) 

Sluka, Kathleen A., PT, PhD 
BADER Consortium Affiliate, 

 Research Advisory Committee 
Member 

University of Iowa Health Care 

Snyder-Mackler, Lynn, PT, 
PhD, FAPTA 

BADER Consortium Affiliate University of Delaware 

Stanhope, Steven J., PhD Director, BADER Consortium University of Delaware 

Swiontkowski, Marc F., MD 
BADER Consortium Affiliate, 

 Research Advisory Committee 
Member 

University of Minnesota 

Takahashi, Kota, PhD BADER Consortium Affiliate University of Nebraska Omaha 

Thesing, Nancy BADER Consortium Affiliate Naval Medical Center San Diego (NMCSD) 

Tulsky, David, PhD 
BADER Consortium Affiliate,  
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University of Delaware 

Vernon, Michael BADER Consortium Affiliate 
San Antonio Military Medical Center 

(SAMMC) 

Ward, Samuel R., PT, PhD BADER Consortium Affiliate University of California, San Diego 

Weir, Richard, PhD BADER Consortium Affiliate University of Colorado 
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APPENDIX C:  BADER Staff Participation in non-BADER Funded Studies 
Project = active/continuing protocol 
Activity = research support 
 

 TITLE STAFF ROLE Current STATUS SITE 

Activity 

Journal club to 
support the 
application of 
new clinical and 
research data 
collection 
techniques 

Collins Lead 

Leading a journal 
club to introduce 
new and 
emerging 
methodologies 
for data 
collection and 
analysis. 

NMCSD 

Activity 

Power imbalance 
resolved with 
novel 6DOF 
segmental power 
analysis 

Collins coauthor 

submitted to ISB 
2017, 
presentation at 
ISB 2017, 
Manuscript in 
review at Journal 
of Biomechanics 

NMCSD 

Activity 

Net ankle 
psuedo-stiffness 
is influenced by 
walking speed 
but not age for 
older adult 
women 

Collins First author 

Manuscript 
submitted to Gait 
and Posture. 
Podium 
presentation at 
ASB 2017 in Foot 
and Ankle 

NMCSD 

Activity 
Clinical Data 
Collection 

Hulcher Data collection 

Collect, process 
and prepare 
reports for use in 
patient PT 
evaluations 

NMCP 

Activity 
Physical Therapy 
Spine Research 
Department 

Hiebert 
Department 
Admin Reviewer 

Oct - Dec 2016 
activity: Ongoing 
review of de-
identified 
information of all 
ongoing 
protocols. 
Implementing 

NMCP 
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 TITLE STAFF ROLE Current STATUS SITE 

patient data 
storage practices, 
training research 
staff in the 
department on 
correct research 
practices (e.g. 
consenting 
participants, 
patient data file 
storage, 
regulatory binder 
compilation). 

Activity 

Obstacles and 
Facilitators of 
Work 
Reintegration in 
Military Members 
with Deployment 
Related 
Musculoskeletal 
Injuries 

Hiebert 
Associate 
Investigator 

Apr - June 2017: 
Protocol not 
funded by 
CDMRP. Now 
submitted as a 
program grant to 
CDMRP. LOI will 
be submitted July 
15 2017 

NMCP 

Activity 

Shore based 
psychologically-
based physical 
therapy 

Hiebert 
Associate 
Investigator 

Apr - Jun 2017: 
CDMRP not 
recommended 
for funding 

NMCP 

Project 

Functional 
Evaluation of 
Patients after 
Limb Salvage or 
Transtibial 
Amputation 

Wingate AI 
Consent, data 
collection, admin 
supoprt 

NMCSD 

Project 

Improved 
Training Method 
for Advanced 
Rehabilitation of 
Warfighters with 
Lower Extremity 
Trauma 

Wingate 
AI, Admin 
Support 

Working on 
consent, 
protocol, IRB 
documents, 
admin support 

NMCSD 
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 TITLE STAFF ROLE Current STATUS SITE 

Project 

The Naval 
Medical Center 
San Diego Gait 
Lab Research 
Registry 

Wingate AI 
Consent, data 
collection, admin 
support 

NMCSD 

Project 
Research support 
tasks 

Wingate Research Support 

Assis with IRB 
submissions, 
continuing 
reviews, lit 
search, etc. 

NMCSD 

Project 
RMS/EACE 
database 

Wingate 

database 
support, updating 
information, 
creating 

ongoing NMCSD 

Project Grant writing Wingate 
grant writing for 
staff support 

grants have been 
submitted 

NMCSD 

Project 

Retrospective: 
Patient-reported 
outcomes (data 
pulled from 
Registry) 

Wingate 
literature search, 
writing protocol, 
analyze data, etc. 

podium 
presentation at 
MHSRS 2017 on 
preliminary data 

NMCSD 

Project 

Establishing a 
data set of 
qualitative and 
quantitative gait 
data in control 
subjects using a 
6DoF marker set 

Wingate 

AI, writing 
protocol, 
managing IRB 
docs 

ongoing; data 
collection 

NMCSD 

Project 

Comparing 
functional 
outcomes in low 
energy lisfranc 
injuries treated 
with ORIF vs. 
Primary 
Arthrodesis 

Wingate 

AI, writing 
protocol, 
managing IRB 
docs 

ongoing; data 
collection 

NMCSD 
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 TITLE STAFF ROLE Current STATUS SITE 

Project 
Patient-Reported 
Outcomes 

Wingate 
AI, managing 
software 

ongoing, looking 
for CATs and 
other subjective 
measure 
software 

NMCSD 

Project 

Prosthetics/Orth
otics Blanket 
Protocol 
Database 

Hulcher 
Data 
management 

Created an excel 
workbook to 
input responses 
from a survey 
and automatically 
calculate some 
metrics based off 
of injury 
category. 

WRNMMC 

Project 
CAREN Blanket 
Protocol 
Database 

Hulcher 
Data 
management 

Created an excel 
workbook to 
input responses 
from a survey 
and automatically 
calculate some 
metrics based off 
of injury 
category. 

WRNMMC 

Project 

Osteointegration 
ROM and ADL 
improvement 
testing 

Hulcher Data collection 

Working with 3 
patients 
undergoing upper 
extremity 
osteointegration 
surgery. 
Conducted 
presurgery range 
of motion (ROM) 
and activities of 
daily living (ADL) 
baseline tests, 
ROM retests after 
each stage of 
surgery, and plan 
to retest 
everything once 
surgeries are 

WRNMMC 
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 TITLE STAFF ROLE Current STATUS SITE 

complete. Using 
literature to 
determine useful 
outcome 
measures 
generated by the 
ADLs. 

Project 

Clinical and 
Radiographic 
Outcomes 
Following 
Anterior Cervical 
Discectomy and 
Fusion Versus 
Anterior Cervical 
Discectomy and 
Arthroplasty in 
Active Duty 
Service Members. 

Hiebert 
Associate 
Investigator 

Sent for 
publication 

WRNMMC 

Project 

Retrospective 
Administrative 
Limited Duty 
Outcomes follow-
up 

Hiebert 
Associate 
Investigator 

Publication 
manuscript in 
progress 

NMCP 

Project 

A pilot study to 
test the efficacy 
of 
psychologically-
based physical 
therapy training 
for treating 
deployed US 
Sailors and 
Marines with 
musculoskeletal 
injuries 

Hiebert 
Associate 
Investigator 

Manuscript in 
progress 

NMCP 
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Sustainable Benefits of a Powered Ankle Prosthesis for 
Transtibial K2 and K3 Ambulators
OR100017 PRORP: Orthopaedic Rehabilitation Clinical Consortium Award W81XWH-11-2-0222
PI:  Alison L. Pruziner  Org:  DoD-VA Extremity Trauma and Amputation Center of Excellence (WRNMMC) Award Amount: $1,778,409

Study/Product Aim(s)
Aim 1: Identify biomechanical, metabolic, functional, and/or subjective 
differences between using a passive versus a powered ankle prosthesis 
in individuals with unilateral transtibial limb loss, who function at a 
Medicare Functional Classification Level K2 and K3.

Aim 2: Identify stability of biomechanical, metabolic, functional, or 
subjective measures over time when wearing a powered ankle prosthesis 
in individuals with unilateral transtibial limb loss, who function at a 
Medicare Functional Classification Level K2 and K3.

Approach
• Biomechanical, metabolic, functional, and subjective measures will be

compared between a standard passive and powered ankle prosthesis
• Comparisons will be tracked over a six-month time period to evaluate

stability of measures.
• It is hypothesized that outcomes will be improved with the application

of a powered ankle prosthesis and that these improvements will be
maintained for the study duration.

Goals/Milestones 
FY13-16 Goal – Study prep and initiation
 Submission of IRB application
 Hiring of key study personnel
 Recruitment of K2 and K3 ambulators
 Initiation of data collection
 Initiate data analysis and interpretation
FY17-18 Goal – Data collection and analysis
 Continue recruitment, collection, and analysis
FY19 Goal – Dissemination
 Complete data collection and analysis
 Draft grant proposal for  potential follow-on funding
 Disseminate information through presentations and publications
Comments/Challenges/Issues/Concerns
• Goals pushed back as a result of delays in release of funding and

recruitment
Budget Expenditure to Date
Projected Expenditure: $ 1778 K
Actual Expenditure: $ 1251 KUpdated: 17 July 2017

Timeline and Cost

Accomplishment: Data collection and analysis ongoing. Preliminary 
analysis demonstrates increased power generation at push off from the 
powered ankle prosthesis, relative to a passive prosthesis 

Activities                
FY 13 14 15 16 17 18 19

Study preparation

Recruitment

Data Collection

Data Analysis

Manuscript 
Preparation

Budget ($K) 0 693 177 186 250* 300* 172*
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What is the optimal stiffness and height of a running-specific prosthesis?
OR100017 PRORP: Orthopaedic Rehabilitation Clinical Consortium Award
W81XWH-11-2-0222
PI:  Alena Grabowski Org:  Dept. of Veterans Affairs Eastern Colorado Healthcare System Award Amount: $882,827

Study/Product Aim(s)
• There are no science-based, objective methods for running-
specific prosthesis (RSP) prescription. Existing practices waste 
time, money, resources & do not necessarily optimize prescription 
•We seek to develop a method for optimal RSP prescription so that
Soldiers and Veterans with transtibial amputations can regain the 
greatest possible level of functional ability and return to active duty 
if they choose.

Approach
• Develop a science-based method for prescribing RSPs
• Measure effects of RSP stiffness & height on biomechanics,
metabolic demand, & performance with: SA1: Distance-running 
RSPs, SA2: Sprint-running RSPs
• Combine SA 1 & 2 results to develop clinically relevant,
quantitative algorithms for RSP prescription based on weight, 
amputation level, limb segment length, and desired running speed

Goals/Milestones 
CY13 Goal – IRB approval for SA1 and SA2
 Local IRB approval
 DoD IRB approval
CY14 Goal – Measure RSP effects during running
 Determine stiffness of RSP
 Experimentally test different stiffness & height RSPs
CY15 Goal – Measure RSP effects during sprinting
 Determine stiffness of RSP
 Experimentally test different stiffness & height RSPs
CY16-17 Goal – Develop a quantitative algorithm for RSP prescription
 Use SA1 and SA2 results to develop a clinical algorithm for RSP 

prescription: In progress
Comments/Challenges/Issues/Concerns
• Some budget items have not yet been billed for.
Budget Expenditure to Date
Projected Expenditure: $883k
Actual Expenditure: ~$800kUpdated: (10/04/2017)

Timeline and Cost
Activities    CY   13  14   15    16     17

IRB approval and RSP stiffness 
testing (SA1 & 2)

Estimated Budget ($K) $337 $168   $240  $138

Recruit, collect & analyze data, 
publish results (SA1)

Recruit, collect & analyze data, 
publish results (SA2)

Develop quantitative algorithm 
for RSP prescription (SA3)

Accomplishment: We  have IRB approval and have completed all testing for Specific 
Aims 1 and 2. We are currently publishing and disseminating our results for Specific 
Aim 3.



Study/Project Aim(s)
This project aims to develop a “Toolbox” of outcome measures to serve as CDEs 
across research studies and clinical evaluations, as  follows:
1. To characterize health, physical functioning, community re-integration and

emotional functioning in individuals with limb trauma and upper and lower
limb amputations who receive outpatient services at MTFs and VAs.

2. To conduct a pilot study of the Toolbox and preliminarily examine the
concurrent validity and reliability of the Toolbox in military and civilian
samples of individuals with upper or extremity trauma/amputation.

APPROACH

Aim 1: Literature reviews and qualitative research (i.e., focus groups with 
patients and clinicians) will inform selection of domains to be measured and 
tests and measurement scales to be included in the Toolbox, with consensus 
stakeholder input. 

Aim 2: Toolbox measures will be administered by trained, certified examiners to 
a sample of individuals who have sustained upper or lower extremity trauma.

Community Reintegration, Functional Outcomes and QOL after Upper and 
Lower Extremity Trauma
OR100017 PRORP: Orthopaedic Rehabilitation Clinical Consortium Award
W81XWH-11-2-0222

Timeline and Cost

Accomplishments: Toolbox measures have been selected and pilot data collection is 
completed.

PI:  David Tulsky, Ph.D. Org:  University of Delaware Award Amount: $2,059,323

Delivering the Right
Treatment to the Right

Person at the Right Time

Full Community
Reintegration &
Optimal Quality

of Life

Upper Extremity
Amputation

ASSESSING HEALTH & FUNCTION

Need for valid tools to provide clinicians
with critical and systematic information for
treatment delivery and optimizing
outcomes

OPTIMIZING OUTCOMES

Military Treatment Facilities, Veterans Affairs &
Civilian Treatment Centers

Updated: 2017-10-10

Goals/Milestones
CY14 Goal – Study setup
 Prepare IRB protocol
CY15 Goals – Gather Input to inform Toolbox decisions
 Literature Review 
 Focus Groups & Expert/Clinician Input
 Qualitative Analysis 
CY16 Goals – Toolbox Measure Selection
 Consensus Meeting & Final Instrument Selection 
 Prepare Materials & Train Examiners
CY17 Goals – Data Collection, Analysis & Video Development
 Pilot Test Upper Extremity Battery
 Pilot Test Lower Extremity Battery
 Conduct Data Analysis
 Develop Test Administration Videos
Comments/Challenges/Issues/Concerns
• Overall timeline shifted due to late project start, but all on schedule.
Budget Expenditure to Date
Projected Expenditure: $2,059,323 
Actual Expenditure:  $1,958,157


Sheet1



				Activities                                           CY		14																								15																								16																								17

				Study Setup/IRBs

				Literature Reviews

				Focus Groups

				Expert/Clinician Feedback

				Qualitative Analysis

				Selection of Toolbox Measures via Consensus

				Prepare Materials & Train Examiners

				Pilot Test Upper Extremity Battery

				Pilot Test Lower Extremity Battery

				Develop Test Administration Videos

				Data Analysis

				Estimated Budget ($K)		$0																								$716																								$681																								$662







Goals/Milestones
CY14-15 Goal – Receipt of funds, Regulatory, Hiring and System tests
 IRB protocol submitted, data collection framework under 

development, training materials in preparation.
 Purchase study equipment, hire and train staff.
CY16-18 Goals – Subject Enrollment and Data Collection
 Enroll over 1,000 participants.
 Collect complete data on over 90% of participants.
CY18-19 Goal – Data analysis and dissemination of findings 
 Complete data audit and statistical analysis.
 Presentation of results to clinical staff and manuscript submission.

Comments/Challenges/Issues/Concerns
• Staff turnover resulted in delayed recruitment.

Budget Expenditure to Date
Projected Expenditure: $1.5M 
Actual Expenditure:  $600K

Estimated Budget ($K) 60  90  90  90 

Maximizing Outpatient Rehabilitation Effectiveness (MORE)
OR100017 PRORP: Orthopaedic Rehabilitation Clinical Consortium Award
W81XWH-11-2-0222
PI:  Amy Bowles Org:  SAMMC       Award Amount: $1.5M

Study/Product Aim(s)
• AIM #1:  To determine factors that predict clinical outcomes
following outpatient rehabilitation in a military setting. 

• AIM #2.  To determine the extent to which patient reported and
observed outcomes change and covary during the course of 
outpatient rehabilitation.  

• AIM #3.  To determine the magnitude of residual deficits following
completion of outpatient rehabilitation. 

Approach
•Participants: Individuals who have experienced lower limb injury.
•Prospective collection of objective outcomes data throughout the
course of rehabilitative care at Ft Hood, SAMMC, and the University 
of Iowa.
•Measures will be used to assess physical, cognitive, and
psychosocial health and function every three weeks.

Updated: OCT 2017

Timeline and Cost

Activities    CY 14   15   16   17  18   19

Regulatory Approval, Purchasing

Hire and Train Staff

Enrollment and Data Collection

Data analysis and dissemination

An improved understanding of the types and magnitudes of deficits present, and 
their relative contributions to treatment success, goal attainment, and health 
related quality of life is needed to effectively guide the use of limited clinic 
resources and facilitate efforts to maximize outpatient rehabilitation effectiveness.



Goals/Milestones

FY15 Goals – IRB Approval 
 Minneapolis VA Health Care System (MVAHCS)
 Obtain IRB approval WRNMMC
 Begin mechanical testing of feet and VA participants

FY16 Goals – Data collection / publication
 Publish preliminary results
 Data collection at WRNMMC
 Publish final results

Characterization of Prosthetic Feet for the Weighted Walking in Service Members with 
Lower-Limb Amputations
OR100017 PRORP: Orthopaedic Rehabilitation Clinical Consortium Award
W81XWH-11-2-0222
PI:  Schnall, Barri Org:  Walter Reed National Military Medical Center Award Amount: $401,136

Study/Product Aim(s)
To provide objective criteria for evaluating and prescribing 
prosthetic ankle-foot components for Service Members with 
transtibial amputations wishing to perform load carriage and other 
physically demanding tasks 

Approach

• Determine mechanical characteristics and durability of current
prosthetic feet intended for highly functional transtibial
prosthesis users

• Compare the biomechanical and functional outcomes between
prosthetic feet with linear and non-linear mechanical properties
during weighted walking and high-intensity activities.

Updated: 11 October 2017

Timeline and Cost

Activities FY     15    16

Mechanical testing of feet

Estimated Budget ($K) $ 266K  $ 134K

IRB Approval

Collect and Process Subjects

Publications

Intact limb vertical ground reaction force (vGRF) and prosthetic ankle-foot power (n=13) 
indicate the non-linear (vs. linear) prosthetic foot was associated with larger intact limb 
loads and decreased prosthetic foot power generation.



Improving Step-To-Step Control of Walking in Traumatic Amputees
OR100017 PRORP: Orthopaedic Rehabilitation Clinical Consortium Award
W81XWH-11-2-0222
PI:  Jonathan B. Dingwell Org:  U. Texas Austin:  with BAMC / CFI  Award Amount: $ 679,300

Study/Product Aim(s)
• Patients with lower-limb amputation have a very high risk of falls
• This risk increases greatly for patients with more severe injuries
• Most falls occur during physical activities like walking
• Preventing a fall when walking requires the ability to properly 

control foot placement to stop yourself from falling
• This project has 2 Specific Aims:
• 1) To quantify the extent of deficits in lateral foot placement 

control exhibited by patients with amputation during walking
• 2) To determine the extent to which a virtual reality gait training 

intervention can improve walking ability in these patients 

Approach
The first study was a cross-sectional comparison of CFI patients 
with unilateral transtibial amputation (TTA) and able-bodied 
controls (AB) (see right).  The second study is a prospective 
intervention study in CFI patients with amputation/poly-trauma.

Goals/Milestones

CY13 Goals –
 Aim 1:  Develop, refine, and finalize our data analysis methods.
 Aim 1:  Analyze data. Identify primary deficits in patients (Figure).
 Aim 2:  Finalize BAMC IRB approvals.  Begin patient enrollment.
CY14 Goals –
 Aim 1:  Finalize analysis. Disseminate results.
 Aim 2:  Continue patient enrollment (CFI).  Begin data analyses.
CY13 Goals –
 Aim 2: Finalize data collection / participant enrollment (CFI).
 Aim 2: Finalize data analysis. Disseminate results.
Comments/Challenges/Issues/Concerns
• All Data Collection/Analyses Complete. Publication Efforts Ongoing.
Budget Expenditure to Date
Projected Expenditure: $679k   
Actual Expenditure:  $679k Updated: (July 11, 2017)

Timeline and Cost

Activities                       CY     13         14       15 16

Aim 1: Refine / Finalize Analyses

Estimated Budget ($K) $230      $225      $225    $000

Aim 1: Analyze Data / Publish

Aim 2: Collect Data

Aim 2: Analyze Data / Publish

NEW RESULTS: LEFT:  Patients (TTA) exhibited tighter control (↓α) of position (zB) & 
step width (SW) across perturbation conditions.  RIGHT:  Computational models predict 
stepping patterns and changes in stepping patterns to reveal root causes of control. 

4 Peer-Reviewed Articles Published: Dingwell & Cusumano, Gait & Posture, 2015;   
John, Cusumano, & Dingwell, PLoS Comput. Biol., 2016;  Sheehan, Rylander, Wilken, & 
Dingwell, Physical Therapy, 2016;   Salinas, Wilken, & Dingwell, Gait & Posture, 2017
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Walk to Run Retraining (RETRAIN)
OR100017 PRORP: Orthopaedic Rehabilitation Clinical Consortium Award
W81XWH-11-2-0222
PI:  Insert PI Irene S. Davis Org:  Spaulding/Harvard    Award Amount: $708,524

Study/Product Aim(s)
• Aim 1.  To determine if gait retraining using realtime kinetic
feedback in individuals with unilateral, transtibial amputations alters 
the asymmetry of stance time during walking.
• Aim 2.  To determine whether functional outcomes are altered with
gait retraining.
• Aim 3. To determine the validity of an insole as a mobile monitor for
assessing gait symmetry during walking running.

Approach
Unilateral transtibial amputees with asymmetry of stance time 

during walking and/or vertical impact peaks during running will 
be recruited.  They will undergo 12 walk retraining and/or 12 run 
retraining sessions using realtime biomechanical feedback to 
improve their gait.  Gait and function will be reassessed post-
training and at 1 month.  The validity of an instrumented insole 
to monitor these gait parameters outside the lab will be 
determined. 

Goals/Milestones 
CY13 Goals- Preparation
IRB approved
Marker Alignment Device developed and tested
Realtime Software Developed and tested
CY14 Goals – Data Collection
Retraining Started
Insole Application Developed
CY15 Goals – Study Completion
Complete Retraining
Complete Analysis
Complete Validation of instrumented insole
Budget Expenditure to Date 
Actual Expenditure:  $666,342
Remaining Budget:  $0

Updated: July 12, 2017

Timeline and Cost

Activities    CY   13   14     15 16

Aim 2

Estimated Budget ($K)   $382K   $326 K

Aim 3

Subject receiving realtime feedback on her symmetry of stance 
times during walking.   The long bars to the right indicate a longer 
stance time on this side.  Note the improvement of symmetry as the 
subject uses the realtime feedback to modulate her gait.

Aim 1
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BADER Toolbox Focus Group Methods and Results 

Purpose: To learn what are the physical, emotional, and social changes that affect 
one’s life after major extremity trauma, with or without amputation; to obtain this 
information directly from individuals who have sustained these injuries, as well as from 
clinicians who treat them, without assumptions or biases. 

Focus Groups: Using the same methodology as other modern measurement initiatives 
(e.g., PROMIS and Neuro-QOL), we conducted focus groups at 3 Military Treatment 
Facilities and 1 VA Medical Center. Groups were conducted with individuals with (1) 
upper extremity amputation; (2) lower extremity amputation; (3) limb preservation, as 
well as with (4) expert clinicians. There were typically two moderators, and the groups 
lasted between 60-90 minutes. The moderator began the session with an open-ended 
question such as, “How has your life been affected by your injury and rehabilitation?” 
The moderator then helped guide the discussion to include all participants and multiple 
areas of health and wellness. During the groups, participants referred to one another by 
randomly assigned colors (e.g., “Mr. Blue”) to maximize confidentiality. 

Table 1. Patient Groups, by Injury Category 
Injury Category n % of total 

Upper Extremity (UE) Amputation 12 21.4 
Lower Extremity (LE) Amputation 16 28.6 
Limb Preservation (UE and/or LE) 21 37.5 
Multiple (combination of above diagnoses) 7 12.5 

Total Patients 56 

Table 2. Provider Groups, by Discipline 
Provider Discipline n % of total 

Physical Therapist 8 23.5 
Prosthetist and/or Orthotist 8 23.5 
Physiatrist 6 17.6 
Occupational Therapist 5 14.7 
Psychologist 2 5.8 
Nurse 2 5.8 
Recreational Therapist 2 5.8 
Kinesiotherapist 1 2.9 

Total Providers 34 

Qualitative Analyses: The focus groups were audio-recorded, transcribed verbatim, 
and then parsed into segments of text that communicated a single idea (“chunks”). 
Concepts (“codes,” like depression) were identified by two independent raters, and 
compiled into a “codebook.” Codes were organized hierarchically such that depression 
was nested under emotions. Two independent raters then applied a code to each chunk 
of text, one code per chunk, and coding differences were reconciled by a third rater. 
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Frequencies of codes were then tallied, and reported by group and by hierarchy within 
the codebook. 
 
Results: In total, 106 codes were applied to 7,850 chunks. Figure 1 shows the 10 
superordinate categories with the most chunks. Within the superordinate category, 
Emotions, the ordinate code with the most chunks was Resilience (28% of patient 
comments about emotions). A good example of a comment about resilience came from 
a participant with upper extremity amputation. He said: “You see everybody else doing 
all this stuff you used to do, and you can’t do it! But you have to find a new normal. 
Keep pushing.” Participants also commonly discussed feelings of Anger (11% of patient 
comments about emotions), Motivation/Perseverence (10%), Anxiety (8%), Depression 
(6%), and Body Image (4%).  
 
Ordinate codes under Treatment Environment captured statements about the Quality of 
Healthcare and the Healthcare Facility (34% of patient comments about Treatment 
Environment), as well as the social environment of treatment. Specifically, 28% of 
patient comments under Treatment Environment were about Social Comparison – that 
is, comparing one’s own situation that of another (e.g., “Well at least I don’t have it that 
bad!”).  
 
Ordinate codes under Identity and/or Role Change captured statements about changing 
identity/role as a Service Member (28% of comments about Identity/Role Change), 
about One who is Injured or Disabled (12%), and about changing Role within the Family 
(10%). 
 
Figure 1. Top 10 Superordinate Codes 

 
Note: Percentages reflect the number of chunks within each superordinate code, 
divided by the total number of chunks for each group. 
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Table 3 shows 10 codes with the most chunks, regardless of their position within the 
conceptual hierarchy, separated by category of participant. Cells highlighted in blue 
indicate codes that are unique to that group’s “top 10.” This may indicate experiences 
that are relatively salient for that group. 
 
Table 3. Top 10 Codes by Group  

Upper Limb Amputation Lower Limb Amputation Limb Preservation Providers 

Orthosis or prosthesis 
(Role change) service 
member Pain 

Quality of healthcare and 
facility 

Resilience Military employment Resilience Social comparison 
Quality of healthcare and 
facility Social comparison Medication Romantic relationships 

Romantic relationships Romantic relationships 
Quality of healthcare and 
facility Pre-existing conditions 

Injured person's response to 
others 

Quality of healthcare and 
facility Orthosis or prosthesis Resilience 

Family relationships Resilience Military employment Orthosis or prosthesis 

Social comparison 
Injured person's response to 
others Type of physical activity Other emotions - negative 

Type of physical activity Military relationships Family relationships (Physical recovery) progress 

Self care and general tasks 
Social environment of 
treatment 

Injured person's response 
to others 

(Role change) service 
member 

Social environment of 
treatment Family relationships Other emotions - negative Motivation/perseverance 
 
Summary and Implications: Discussion of psychosocial issues was much more 
prominent than discussion of physical limitations. When physical issues were discussed, 
it was in the context of barriers to participation and employment. In particular, patients 
and providers discussed: 

– Resilience and emotions 
– Changing identities, life roles, and family relationships 
– Understanding their condition in relation to others 
– The quality of their healthcare and resources 
– The orthosis/prosthesis itself 
– Self-esteem/body image 
– Grief and loss 

 
These results suggest that comprehensive assessment should include evaluation of 
psychosocial issues in addition to global quality of life and performance-based 
measures. Assessment of these additional issues is beyond the scope of the current 
project, but should be included in future follow up work.  
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APPENDIX F

http://www.bader-c.org/


1.0 BENEFITS OF USING ASSESSMENT 
CENTER 

 Assessment Center is a free to use online platform for assessment creation, 
development, and administration.  

 Assessment Center is HIPAA compliant and utilizes high security standards 
to ensure the study data remains secure. The study administrator controls 
permissions for users – users will only have access to what they are allowed 
to access. 

 The ability to add any assessment instrument to the study allows you to use 
similar measures side-by-side. This would allow for the comparison of the 
results from a measure that you have used in the past with a new measure, as 
well as comparing results from short forms versus CATs.  

ABOUT THIS TRAINING MANUAL 
This guide is intended as a supplement to the Assessment 
Center manual.  

 The manual can be found on 
https:www.assessmentcenter.net 

 On the left side of the page is a list of helpful 
resources that includes user manuals. 

 Notice the 3 different ways to contact Assessment 
Center for help.  

 When contacting Assessment Center about a 
problem with your study, please be as specific as 
you can with details such as study name, 
instrument name and item ID. 
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3.0 USER REGISTRATION 
Before you begin working with Assessment Center, you will need to register. 

 Go to https://www.assessmentcenter.net 

 Click on “Register New User” in the top right of the screen 

*If you have already registered, but forgotten your password, click on 
“Forgot Password”. 

3.1 USER REGISTRATION – STEP 1 
Step 1 of the registration process includes 
creating a login and password 

 Choosing a strong password at this 
point is a critical step in keeping your 
study secure.  

 It is required to be at least 6 
characters. 

 A strong password would be 8 or 
more characters and include upper & 
lowercase, numbers, and special 
characters (e.g., #$@) 

 

3.2 USER REGISTRATION – TERMS & CONDITIONS 
You will be required to read and accept the Assessment Center terms & 
conditions. 
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3.3 USER REGISTRATION – STEP 2 
 After accepting the terms & conditions, an email will be sent to the email 

address you registered with. Follow those instructions to activate your 
account. 
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 The link in the email will take you to a special login screen. Here is 
where you will enter the login and password you used to register. 

 

4.0 NAVIGATING ASSESSMENT CENTER 
 

Assessment Center’s functions are split up into 5 tabs.  

 The next set of slides will give a brief overview of each tab 

 Step-by-step instructions will follow the overview 

 

4.1 STUDIES TAB 
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The Studies tab contains a list of all the studies you are a part of. 

 The study that is currently selected will be at the top of the list. To select a 

study, click on the title of the study.   

 

 The currently selected study will also be displayed at the top right of the 

screen 
 

4.2 INSTRUMENTS TAB 
The Instruments tab shows the list of instruments in your study.   
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 From this page you can also add, create, and edit instruments. 

 
4.2.1 BREADCRUMB TRAIL 
The Instruments tab also has a “breadcrumb trail” that makes finding your location 
easy. 

 The breadcrumb trail is found at the top of the page. It shows your current 
location and allows you to quickly move up levels (e.g., from Item Details to 
Instrument Detail) by clicking where you would like to navigate. 

 

4.3 SET-UP TAB 
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The Set-up tab has five subsections that allow you to customize the way the 
study functions as well as the consent and registration process 

 

4.4 PREVIEW TAB 
The Preview tab is the tab that allows you to review the study to ensure it has 
all of the content and functions properly 

 When the study is ready, you will move on to the “Launch Study” section 

 Once a study is launched, it cannot be edited 

 

4.5 ADMINISTRATION TAB 
This tab has functions for before and after launch of the study.  

Before Launch After Launch 
  Create “test” participants   Register participants 
  View and alter “test” participants’ 
schedule of assessments   Download data 

  

  Download reports such as data 
dictionary 

  

  Review progress and other statistics 
about the study 

  

  Modify participants’ assessment 
schedules 

 

5.0 CREATING A STUDY ON ASSESSMENT 
CENTER 

 

A study can be created in two steps: 
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Step 1: on the “Studies” tab click on “Create New Study.” 

 

Step 2: fill in the name of the study, and a brief description. Then click “Save”. 

 

 

5.1 ADDING INSTRUMENTS TO YOUR STUDY 
Now that your study is created, the next step is to add instruments. 
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 There are a number of publicly available studies / instruments that can be 
added to your study.  

 You can also create your own instruments or add instruments that are not 
publicly available on Assessment Center. 

 

5.1.1 INSTRUMENTS AVAILABLE ON ASSESSMENT CENTER 
 

Publicly Available By Request 
PROMIS SCI-QOL 
NeuroQOL TBI-QOL 
 

 

5.2 ADDING INSTRUMENTS TO YOUR STUDY 
The first step in creating or adding an instrument is found in the “Instruments” tab.  
Here you see options for adding and creating instruments. 

 

 To add an instrument, click “Add”. 

 

 To add a PROMIS instrument to your study follow these steps: 
 In the “Study:” box, select “PROMIS” 
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 Click on “Show Results” 

 

 Now, you will be presented with a list of available PROMIS instruments.  

 

 To explore the individual items of the instruments, click on the + symbol 
next to the instrument’s name. This will expand the instrument so you can 
view the text of each item and the response choices. 

 To select an instrument for your study, put a checkmark into the box for that 
instrument. 

 You can review and accept the terms of use by clicking on the © symbol 
 To add the instrument, click “Add to Study” 

 

Click on the Instruments tab to see the instrument(s) that were added to your study. 
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5.3 PROMIS INSTRUMENTS AVAILABLE ON ASSESSMENT CENTER 
 

Pediatric / Parent Proxy PROMIS Instruments 

Domain Instrument Name 

Item 
Bank / 
CAT 

Short 
Form 

Short 
Forms 

Available 
Emotional Parent Proxy Anxiety    6a 

Parent Proxy Depressive 
Symptoms  

  8a 

Pediatric Anger    8a 
Pediatric Anxiety    8a 
Pediatric Depressive 
Symptoms  

  8b 

Fatigue Parent Proxy Fatigue    10a 
Pediatric Fatigue    10a 

Other Parent Proxy Asthma    8a 
Pediatric Asthma    8a 

Pain Parent Proxy Pain 
Interference 

  8a 

Pediatric Pain Interference    8a 
Physical Function Parent Proxy Mobility    8a 

Parent Proxy Upper 
Extremity  

  8a 

Pediatric Mobility    8a 
Pediatric Upper Extremity    8a 

Social Parent Proxy Peer 
Relations  

  7a 

Pediatric Peer Relations    7a 
 

Adult PROMIS Instruments 

Domain Instrument Name 

Item 
Bank / 
CAT 

Short 
Form 

Short 
Forms 

Available 
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Alcohol Alcohol: Alcohol Use    7a 
Alcohol: Negative 
Consequences  

  7a 

Alcohol: Negative 
Expectancies  

  7a 

Alcohol: Positive 
Consequences  

  7a 

Alcohol: Positive 
Expectancies  

  7a 

Applied Cognition Applied Cog Abilities   4a, 6a, 8a 
Applied Cog General 
Concerns 

  4a, 6a, 8a 

Emotional Anger    4a 
Anxiety    4a, 6a, 

7a, 8a 
Depression   4a, 6a, 

8a, 8b 
Fatigue Fatigue    4a, 6a, 

7a, 8a 
Pain Pain Behavior    6b 

Pain Intensity    7a 
Pain Interference    4a,6a,6b,

8a 
Physical Function Physical Function   4a, 6a, 

8a, 10a, 
20a 

Physical Function 
Samples w Mobility Aid 

  10a 

Psychosocial 
Illness Impact 

Psychosocial Illness 
Impact-Neg  

  4a ,8a 

Psychosocial Illness 
Impact-Pos 

  4a ,8a 

Quality of Social 
Support 

Companionship   4a, 6a 
Emotional Support   4a, 6a, 8a 
Informational Support   4a, 6a, 8a 
Instrumental Support   4a, 6a, 8a 

Sexual Function Anal Discomfort    
Erectile Function    
Global Satisfaction w Sex    
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Life 
Interest in Sexual Activity    
Interfering Factors    
Lubrication    
Orgasm    
Sexual Activities    
Sexual Function Profile- 
Female 

   

Sexual Function Profile- 
Male 

   

Sexual Function Profile -
Male&Female 

   

Sexual Function Screener 
Questions 

   

Therapeutic Aids    
Vaginal Discomfort    

Sleep Sleep Disturbance    4a, 6a, 8a 
Sleep-Related Impairment    8a 

Social Ability to Participate in 
Social Roles and  
Activities 

  4a, 6a, 8a 

Satisfaction with 
Participation in 
Discretionary Social 
Activities 

  7a 

Satisfaction with 
Participation in Social 
Roles  

  4a, 6a, 8a 

Satisfaction with Social 
Roles and Activities  

  4a, 6a, 8a 

Social Isolation    4a, 6a, 8a 
 

Profile PROMIS Instruments 
Domain Instrument Name Short 

Forms 
Available 
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Multiple (Fatigue, Physical Function, Sleep 
Disturbance, Pain Interference, Satisfaction 
with Social Roles, Anxiety/Fear, 
Depression/Sadness) 
 

Profile  29, 43, 57 

Multiple (Pain, Fatigue, Physical Function, 
Emotional Distress/Negative Affect, Other, 
Pain Intensity, Pain Interference, Mobility, 
Anxiety/Fear, Depression/Sadness) 

Pediatric Profile 25, 37, 49 

Multiple (Pain, Fatigue, Physical Function, 
Other, Anxiety/Fear, Depression/Sadness, 
Satisfaction with Social Roles and 
Activities) 
 

Global Health  

*All profile instruments are short forms 

 

6.0 CREATING AN INSTRUMENT 
 

The instruments you want to use for your study may not be available on 
Assessment Center. You can use the creation tools in Assessment Center to include 
those instruments into your study. 

User-created instruments can be used seamlessly with publicly available 
instruments. 

To begin, go to the “Study Content” page. Here you will click “Create” 
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6.1 CREATING INDIVIDUAL ITEMS FOR AN INSTRUMENT 
 

Assessment Center allows for 3 types of HTML code to be used when creating 
individual items. 

 line breaks are created by adding in <br> where you want a line break. A 
good separation for context and stem is three line breaks (<br><br><br>). 

 Underlining is accomplished by putting <u> & </u> on either side of the text 
you want underlined (In the last <u>month</u>). The “/” character ends the 
code. 

 Italics is done similarly to underlining. The code is <i> & </i>. 
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In the example, you will see the code and resulting item from the code with and 
without the line breaks 

After you have finished creating an item and clicking “Save”, a popup window will 
appear for you to enter any notes about the item.  

 
 For new items, comments are not required. 
 For edited items, you must select an Item History Category and enter at least 

one character into the Comments box. 
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 Click Save when you are done 

 

6.2 COPYING INDIVIDUAL ITEMS FOR AN INSTRUMENT 
Many instruments will have items with the same response options or context. 
Assessment Center allows you to copy an item by clicking on “Copy” 

 

This copied item will be identical to the original item except you must provide a 
unique item ID 

 

7.0 CHANGING THE ORDER OF INDIVIDUAL ITEMS 
The Instrument Detail Screen is reached by clicking on the name of an instrument 

Here you can edit the order of the items. 

When you have finished ordering, click “Save” 

*Assessment Center will timeout after 5 minutes 
of inactivity. Keep this in mind when re-ordering 
items. If you timeout, your progress will not be 
saved.  
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*it can be helpful for instruments that are a “work in progress” to group the items 
as shown in the example. This makes it easier to add an item to a section without 
having to renumber all of the items (e.g., adding in an item at #2 and having to 
renumber items 2-200)  

 

8.0 CUSTOMIZING INSTRUMENTS 
On the study content page, there are options for customizing, previewing, and 
editing the properties of instruments. 

 

 The next step is setting up the instrument so it functions properly 
 

 Click on “Customize” 

9.0 CREATING AN INSTRUMENT 
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1. The name must be unique in Assessment Center 
 

2. Select the appropriate domain that describes the instrument 
 
 

3. Enter a brief description 
 

4. Choose “under development” 
 
 

5. Choose the type of instrument [For nearly all purposes this will be “Short 
Form] 
 

6. Click “Save” 

 

10.0 CUSTOMIZING INSTRUMENTS 
In the top left of the screen are the “Administration Method” options.  

 The options are Sequential [in order], Random, and Branch.  
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*If your instrument has specific IRT Parameters, or if you’d like to modify the IRT 
parameters [e.g., min/max # of items, max standard error] for an existing item 

bank/CAT, those settings are accessed by clicking on “Set IRT Parameters” 

 

 The appearance of the items can also be customized. 
 All items can be changed to have one template or the template for each 

individual item can be set. 
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 Items can be set to “Auto Advance” – once a response is chosen, that 
response is saved and the next item is displayed  

 

 Choosing Branch as the administration method allows you to set skip logic 
for the instrument. 
 

 When certain criteria are met, an item or items are skipped. This is helpful in 
instances where some responses require more information or do not apply to 
the participant (e.g., female-related items skipped for male participants). 

 The branching function only works by skipping the next item or set of items. 
For example, A screener question at the beginning cannot be set to skip 
items at the end of the instrument 

 

11.0 ITEM-LEVEL QUALITY ASSURANCE 

 

It is highly recommended that you preview each instrument to ensure that it 
functions how you want it to function. 
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*Once a study is launched, it is not possible to change the instruments. 

 

 

There are two options for previewing and it is recommended to do both of them. 

 

 The first option is to preview 
the item list.  
 Best for checking for typos 

and other errors when the 
individual items were 
entered. 

 This view displays all of 
the items in one list.  
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 The second type of preview is a simulation of what the participant would 

see. 

 

12.0 QUALITY ASSURANCE 
 

The simulation option also allows you to: 

 Test-drive instrument customization settings such as IRT, branching, and 
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randomization. 

 

 Only the area inside the box is displayed in live studies. 

 

13.0 SETTING UP YOUR STUDY 

 

 The first step is to select the language. Currently only English and Spanish 
are available.  
 This choice affects the language of the buttons on each page as well as 

screens set by Assessment Center. 
 

 PROMIS measures that are available in Spanish will change to Spanish if 
you choose that as your language. 
 

 User-created instruments and welcome screens are not affected. 
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 Step 2 is Basic settings 

 

13.1 SETTING UP YOUR STUDY 

 Step 3 is Advanced Study Setup 
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 This is where the arms of the study, longitudinal intervals, and instruments 
for each arm/interval are set. 

13.2 SETTING UP YOUR STUDY 
 Creating the Arms of your study 

 
 Each arm MUST have a baseline 

 
 The spelling of each set of Arms must be identical or Assessment Center 

will assume it is a new Arm 
 

 Choose when the assessment windows opens and for how many days it 
will be open. 
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13.3 SETTING UP YOUR STUDY 
Specify instruments by clicking on “Specify Instruments” on the Advanced Study 

Setup Screen 

 

The options available are:  

 Instrument Block and the order within the block 
 If the instrument is completed by the participant 
 Block Administration – the random option randomizes the order of the 

instruments, not the individual items of each instrument. 
 Any instruments added after you complete this will be a part of all arms and 

intervals. Simply navigate back to this page to reorder measures or exclude new 
measures from specific arms/intervals 
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13.4 SETTING UP YOUR STUDY 
In the “Consent” page of the setup, you can copy and paste your informed consent 
documents. 

 

13.5 SETTING UP YOUR STUDY 
The registration section of setup is used to select which items you want to collect 
for your study. 
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You can also create custom fields by using the choices on the right. 

 

14.0 PREVIEWING THE STUDY 

 

The final step before launching the study is to do a full preview. This allows you to 
go through the registration, consent, and all instruments in the same way a live 
participant would. 

Logins and passwords can be created for those outside of the team developing the 
study to preview the “live” version of the study for feedback and quality assurance.  

There are 2 steps in the full preview of  a study. 
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 The 1st step is to review the Excel preview of the study 
 The Excel preview contains the information that was set in the 

“Advanced Study Setup” and instrument customization menus. 
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If you approve of the settings for your study, click in the box below “Approve” on 
the Preview page 

 

 Step 2 is to click on “Preview Study” 
 Your study will now be launched for preview. Depending on the size of 

your study, this could take a few moments to over an hour.  

 

Once it reaches “100%” you can click on “Continue”  

 Clicking on continue will take you to the login screen. 

It is not recommended to click on “Start”. 

The Login and Password is NOT your login and password for 
AssessmentCenter.net   
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Instead, return to AssessmentCenter.net and log in 

14.1 Previewing Other Time Intervals 
You can also preview the other time intervals without having to wait. 

 Start by going back to the Administration tab 
 Click on “Participant List”  

 In the popup window, find the participant whose assessment schedule you 
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want to alter.  
 Click on the “zzz-{Missing}, {Missing}” link 
 Click on ‘View Schedule Details’ to bring up the participant’s schedule. 

 
 The participant’s schedule is now displayed in a popup window 
1. Find the assessment number you want to alter. Notice that there is a row for 

“Clinician View” and for “Participant View” – you must change the date for 
BOTH rows, ONE at a time. 

2. After the date is entered, click on the pencil for that row.  
3. Click on “close window”, then click on “Register Participant”. 
4. Reopen the window to ensure the change took effect. If not, re-enter the 

change to each row, ONE at a time. 
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If you set two or more of the assessments to the same day, they will be back-to-
back in the preview with a “welcome screen” before the first and a “thank you 
screen” after the last. There will be no other separators between intervals 

Copy & Paste the URL at the bottom of the registration details screen into the 
address bar of your web browser to begin the preview 

 

Administrative Side Participant Side 
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15.0 THE TWO SIDES OF ASSESSMENT 
CENTER 

16.0 REGISTERING A “PREVIEW” PARTICIPANT 

 

1. After you have logged back in to Assessment Center, go to the 
Administration Tab. 
 

 Creating and setting up studies 
 Use login and password 

created at time of 
registration 

 Completing instruments not 
“seen by participant” (e.g., 
medical record abstractions) 

 Used to complete the 
assessments 

 Registering participants for the 
study  NO access to data 

 Accessing study data  Cannot alter or change 
registration information 
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2. Click on “Find / create Login 

 
3. Select the Study Arm 

*Login is optional. If left blank, Assessment Center will create one for you 

4. Select Consent status 
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5. Click on “Register Participant”  

 

 After registration, a URL will appear at the bottom of the page. 
1. Take note of the login and password 

 
2. Copy & Paste this into your web browser when you are ready to preview the 

study. 

*The URL will automatically log in the preview participant. 

 Perform quality assurance as you go through the study. 
 

17.0 APPROVING THE STUDY 
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 If your study is ready to be launched, go back to the Preview tab. 
 

 Ensure that you approve of both of the Excel Export and the full preview. 

 Click on each box to approve.  

 

18.0 LAUNCHING THE STUDY 

 

1. Launch your study by clicking on “Launch Study” on the Preview tab. 

2. Review endorsements of terms of use 
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3. Read the warning about the study being locked once it is launched. 

4. Click “Launch Study” button if you are ready 

 Your study has now been launched. The URL for your study will be 
displayed on this page.  

19.0 CLEARING PRACTICE DATA 
 

 You may want to clear all of the practice data before any real participants 
complete assessments 
 
 Assessment Center will not delete data, but can classify practice data 

as “test” participants. 
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1. Go to the Overview subsection of the Administration tab 

2. Then find a practice participant by clicking on the “Participant List”  

3. Click on the practice participant in the “Study Participants” popup window.  

4. Change the participant’s consent to “Test”. 
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5. To save this change, click on “Register Participant” 

 
 This participant will no longer appear on the Participant List.  

 
 Repeat these steps until all test participants have been removed 

In the data export, these test participants will appear as Consent=3 

 

20.0 PARTICIPANT REGISTRATION 
 

For some studies, you may want to register participants through the administrative 
side of the site [for example, if you want to manually select study arms or create 
specific Logins or Passwords] 
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Otherwise, the Registration process will be included automatically when a 
participant (or data collector on behalf of a participant) access the administrative 
side of the site. 

20.0.1 PARTICIPANT REGISTRATION 
To begin manual participant registration, go to https://www.assessmentcenter.net 
and login with YOUR login and password. 

1. Check to make sure that the study you want to register participants into is 
the current study by looking at the top right of the screen. If it is not the 
current study, click the name of your study in the list of studies.  

2. The next step is to click on the Administration tab 

 
3. Then click on the “Find/create Login button 

 
 On the registration screen you will: 
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1. Select the Study Arm and Schedule 
 

2. Create Login – Assessment Center will randomly generate this. If you want 
to make your own, click the box next to “Create Participant Login”. Creating 
the login may be helpful for multi-site studies to allow for easier tracking.  
 

3. Choose a password 
 

4. Indicate if the participant has consented. 
 

 

If your study collects demographics, contact information, or other information, DO 
NOT click on “Register Participant, yet.  
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 To continue entering registration information about the participant, click on 
the sub sections at the top of the page. 
 

 Remember that some of the fields can be considered Protected Health 
Information (PHI) under HIPAA. DO NOT enter this information unless 
your IRB has approved it being stored on Assessment Center. 
 
 

*PHI includes: name, date of birth, geographic location smaller than state, 
email address, and others. 
 
 After you have completed entering registration information, return to the 

“Registration Details” subsection and click on “Register Participant”.  

 At the bottom of the “Registration Details” page is the custom URL for that 

participant. 

 Navigating to this URL takes the participant directly into the assessment. No 
login / password required as it is already part of the URL. 
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 If the participant is completing the assessment later or from another 

computer, he/she would use the study URL and his/her login/password.  

 

21.0 ADMINISTRATIVE ASSESSMENTS 
 If your study has assessments that are completed by the study team, such as 

medical record abstraction, recording of test scores, etc., return to 
https://www.assessmentcenter.net and log in 
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 Go to the Administration tab 

 Administrative Assessments 

After clicking on the Administration tab, you should be in the “Overview” 

subsection. Here you will click on “Participant List” 

 

 Click on the participant.  

*If you have filled in a name, it will be displayed in place of the “zzz….” 

 This screen displays the Assessments for the participant and the responses. 

 Names of completed instruments will be crossed out. 
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 To select an instrument, click its name 

 

*As you enter the data into these Administrative assessments, you should click on 
Save often. 

 

If your Assessment Center session times out, unsaved data will be lost. 
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Benefits of using Assessment Center

 Assessment Center is a free to use online platform for assessment
creation, development, and administration.

 Assessment Center is HIPAA compliant and utilizes high security
standards to ensure the study data remains secure. The study
administrator controls permissions for users – users will only have
access to what they are allowed to access.

 The ability to add any assessment instrument to the study allows you
to use similar measures side-by-side. This would allow for the
comparison of the results from a measure that you have used in the
past with a new measure, as well as comparing results from short
forms versus CATs.

2
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About this Training Manual

 This guide is intended as a supplement to 
the Assessment Center manual.

 The manual can be found on 
https:www.assessmentcenter.net
 On the left side of the page is a list of helpful 

resources that includes user manuals.

 Notice the 3 different ways to contact 
Assessment Center for help. 
 When contacting Assessment Center about a 

problem with your study, please be as specific 
as you can with details such as study name, 
instrument name and item ID.

3

User Registration

 Before you begin working with Assessment Center, you will need to 
register.

 Go to https://www.assessmentcenter.net

4

 Click on “Register New User” in the top right of the screen
 If you have already registered, but forgotten your password, click on 

“Forgot Password”.
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User Registration – Step 1

 Step 1 of the registration process 
includes creating a login and password

 Choosing a strong password at this 
point is a critical step in keeping your 
study secure. 

 It is required to be at least 6 characters.
 A strong password would be 8 or more 

characters and include upper & 
lowercase, numbers, and special 
characters (e.g., #$@)

5

User Registration – Terms & Conditions

 You will be required to read and accept the Assessment Center 
terms & conditions.

6
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User Registration – Step 2

 After accepting the terms & conditions, an email will be sent to the 
email address you registered with. Follow those instructions to 
activate your account

7

User Registration – Step 3
 The link in the email will take you to a special login screen. Here is 

where you will enter the login and password you used to register.
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Navigating Assessment Center

 Assessment Center’s functions are split up into 5 tabs. 
 The next set of slides will give a brief overview of each tab
 Step-by-step instructions will follow the overview

9

Studies Tab
 The Studies tab contains a list of all the studies you are a part of.
 The study that is currently selected will be at the top of the list. To 

select a study, click on the title of the study.  

10

 The currently selected study will also be displayed at the top right of the 
screen
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Instruments Tab
 The Instruments tab shows the list of instruments in your study.  
 From this page you can also add, create, and edit instruments.

11

Instruments Tab

 The Instruments tab also has a “breadcrumb trail” that makes finding 
your location easy.

 It is located at the top of the page

 It shows your current location and allows you to quickly move up 
levels (e.g., from Item Details to Instrument Detail) by clicking where 
you would like to navigate.

12
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Set-up Tab

 The Set-up tab has five subsections that allow you to customize the 
way the study functions as well as the consent and registration 
process

13

Preview Tab

 The Preview tab is the tab that allows you to review the study to 
ensure it has all of the content and functions properly

14

 When the study is ready, you will move on to the “Launch Study” 
section

 Once a study is launched, it cannot be edited
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Administration tab

 This tab has functions for before and after launch of the study. 

15

Before Launch
 Create “test” participants
 View and alter “test” participants’ 

schedule of assessments

After Launch
 Register participants
 Download data
 Download reports such as data dictionary
 Review progress and other statistics about 

the study
 Modify participants’ assessment schedules

Creating a study on Assessment Center

A study can be created in two steps
Step 1: on the “Studies” tab click on “Create New Study.”

16
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Creating a new study
Step 2: fill in the name of the study, and a brief description. 
Then click “Save”.

17

Adding instruments to your study

 Now that your study is created, 
the next step is to add 
instruments.

 There are a number of publicly 
available studies / instruments 
that can be added to your study. 

 You can also create your own 
instruments or add instruments 
that are not publicly available on 
Assessment Center.

Instruments Available on 
Assessment Center
Publicly Available

 PROMIS

 NeuroQOL

By Request

 SCI-QOL

 TBI-QOL

18
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Adding Instruments to your study

The first step in creating or adding an instrument is found in the “Instruments” 
tab.  Here you see options for adding and creating instruments.

To add an instrument, click “Add”.

19

Adding PROMIS instruments to your study

To add a PROMIS instrument to your study follow these steps:
1) In the “Study:” box, select “PROMIS”
2) Click on “Show Results”

20
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Adding PROMIS instruments to your study

Now, you will be presented with a list of available PROMIS instruments. 
• To explore the individual items of the instruments, click on the + symbol next to the 

instrument’s name. This will expand the instrument so you can view the text of each 
item and the response choices.

• To select an instrument for your study, put a checkmark into the box for that 
instrument.

• You can review and accept the terms of use by clicking on the © symbol
• To add the instrument, click “Add to Study”

21

Adding PROMIS instruments to your study

Click on the Instruments tab to see the instrument(s) that were added to your 
study.

22
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Creating an instrument

 The instruments you want to use for your study may not be available 
on Assessment Center. You can use the creation tools in Assessment 
Center to include those instruments into your study.

 User-created instruments can be used seamlessly with publicly 
available instruments.

 To begin, go to the “Study Content” page. Here you will click 
“Create”

23

Creating individual items for an instrument 24
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Creating individual items for an instrument
 Assessment Center allows for 3 types of HTML code to be used when creating 

individual items.
1. line breaks are created by adding in <br> where you want a line break. A good 

separation for context and stem is three line breaks (<br><br><br>).
2. Underlining is accomplished by putting <u> & </u> on either side of the text you 

want underlined (In the last <u>month</u>). The “/” character ends the code.
3. Italics is done similarly to underlining. The code is <i> & </i>.
In the example, you will see the code and resulting item from the code with and 
without the line breaks

25

Creating individual items for an instrument

 After you have finished creating 
an item and clicking “Save”, A 
popup window will appear for 
you to enter any notes about 
the item. 

 For new items, comments are 
not required.

 For edited items, you must 
select an Item History Category 
and enter at least one 
character into the Comments 
box.

 Click Save when you are done

26
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Copying individual items for an instrument
 Many instruments will have items with the same response options or context. 

Assessment Center allows you to copy an item by clicking on “Copy”

 This copied item will be identical to the original item except you must provide 
an unique item ID

27

Changing the order of individual items
 The Instrument Detail Screen is reached 

by clicking on the name of an instrument
 Here you can edit the order of the items.
 When you have finished ordering, click 

“Save”
*Assessment Center will timeout after 5 
minutes of inactivity. Keep this in mind when 
re-ordering items. If you timeout, your 
progress will not be saved. 
*it can be helpful for instruments that are a 
“work in progress” to group the items as 
shown in the example. This makes it easier 
to add an item to a section without having 
to renumber all of the items (e.g., adding in 
an item at #2 and having to renumber 
items 2-200)

28
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Customizing instruments

 On the study content page, there are options for customizing, 
previewing, and editing the properties of instruments.

 The next step is setting up the instrument so it functions properly
 Click on “Customize”

29

Creating an instrument

 The name must be unique in Assessment Center
 Select the appropriate domain that describes the instrument
 Enter a brief description
 Choose “under development”
 Choose the type of instrument [For nearly all purposes this will be “Short Form]
 Click “Save”

30
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Customizing instruments

 In the top left of the screen are the “Administration Method” 
options. 

 The options are Sequential [in order], Random, and Branch. 
 If your instrument has specific IRT Parameters, or if you’d like to 

modify the IRT parameters [e.g., min/max # of items, max standard 
error] for an existing item bank/CAT, those settings are accessed by 
clicking on “Set IRT Parameters”

31

Customizing instruments

 The appearance of the 
items can also be 
customized.

 All items can be changed 
to have one template or 
the template for each 
individual item can be set.

 Items can be set to “Auto 
Advance” – once an 
response is chosen, that 
response is saved and the 
next item is displayed 

32
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Customizing instruments
 Choosing Branch as the administration method allows you to set skip logic for the 

instrument.
 When certain criteria are met, an item or items are skipped. This is helpful in instances where 

some responses require more information or do not apply to the participant (e.g., female-
related items skipped for male participants).

 The branching function only works by skipping the next item or set of items. For example, A 
screener question at the beginning cannot be set to skip items at the end of the instrument

Are you male 
or female?

Are you 
pregnant?

Are you taking 
any 

prescription 
medications?

Male

Female

33

Item-level Quality Assurance
 It is highly recommended that you preview 

each instrument to ensure that it functions how 
you want it to function.

 Once a study is launched, it is not possible to 
change the instruments.

34
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Item-level Quality Assurance

 There are two options for previewing and it is recommended to do 
both of them.

35

Item-level Quality Assurance

 The first option is to 
preview the item list. 
 Best for checking for 

typos and other errors 
when the individual 
items were entered.

 This view displays all of 
the items in one list. 

36
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Item-level Quality Assurance

 The second type of preview is a simulation of what the participant 
would see.

37

Quality Assurance

 The simulation option 
also allows you to:

 Test-drive instrument 
customization settings 
such as IRT, 
branching, and 
randomization.

 Only the area inside 
the box is displayed in 
live studies.

38
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Setting up your study

 The first step is to select the language. 
Currently only English and Spanish are 
available. 

 This choice affects the language of the 
buttons on each page as well as 
screens set by Assessment Center.

 PROMIS measures that are available in 
Spanish will change to Spanish if you 
choose that as your language.

 User-created instruments and welcome 
screens are not affected.

39

Setting up your study

 Step 2 is Basic settings

40



10/25/2017

21

Setting up your study
 Step 3 is Advanced Study Setup

 This is where the arms of the study, longitudinal intervals, and instruments 
for each arm/interval are set.

41

Setting up your study
 Creating the Arms of your study
 Each arm MUST have a baseline
 The spelling of each set of Arms must 

be identical or Assessment Center 
will assume it is a new Arm

 Choose when the assessment 
windows opens and for how many 
days it will be open.

In the example, Adult Arm 2 opens on Day 170 
and is open for 40 days.
*The windows for the arms do not have to be 
the same

42
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Setting up your study
 Specify instruments by clicking on “Specify Instruments” on the Advanced Study Setup Screen

 The options available are: 
 Instrument Block and the order within the block

 If the instrument is completed by the participant

 Block Administration – the random option randomizes the order of the instruments, not the individual 
items of each instrument.

 Any instruments added after you complete this will be a part of all arms and intervals. Simply navigate 
back to this page to reorder measures or exclude new measures from specific arms/intervals

43

Setting up your study
 In the “Consent” page of the setup, you can copy and paste your informed 

consent documents.

44
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Setting up your study
 The registration section of setup is used to select which items you want to collect for your study.
 You can also create custom fields by using the choices on the right.

45

Previewing the Study
 The final step before launching the study is to do a full preview. This allows you to go 

through the registration, consent, and all instruments in the same way a live 
participant would.

 Logins and passwords can be created for those outside of the team developing the 
study to preview the “live” version of the study for feedback and quality assurance. 

 There are 2 steps in the full preview of  a study.

46
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Previewing the Study
The 1st step is to review the Excel 
preview of the study
 The Excel preview contains the 

information that was set in the 
“Advanced Study Setup” and 
instrument customization menus.

 If you approve of the settings for 
your study, click in the box below 
“Approve” on the Preview page

47

Previewing the Study

Step 2 is to click on “Preview Study”
 Your study will now be launched for 

preview. Depending on the size of 
your study, this could take a few 
moments to over an hour. 

 Once it reaches “100%” you can 
click on “Continue”

48
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Previewing the Study

 Clicking on continue will take you 
to the login screen.

 It is not recommended to click on 
“Start”.

 The Login and Password is NOT your 
login and password for 
AssessmentCenter.net

 Instead, return to 
AssessmentCenter.net and log in

49

Previewing Other Time Intervals 50

You can also preview the other time intervals without having to wait.
 Start by going back to the Administration tab
 Click on “Participant List”
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Previewing Other Time Intervals

 In the popup window, find the 
participant whose assessment 
schedule you want to alter.

 Click on the “zzz-{Missing}, 
{Missing}” link

51

 This takes you to the registration 
details page

 Here you will click on “View 
Schedule Details”

Previewing Other Time Intervals

 The participant’s schedule is now displayed in a popup window
 Find the assessment number you want to alter. Notice that there is a row for “Clinician View” and 

for “Participant View” – you must change the date for BOTH rows, ONE at a time.
 After the date is entered, click on the pencil for that row. 
 Click on “close window”, then click on “Register Participant”.
 Reopen the window to ensure the change took effect. If not, re-enter the change to each row, 

ONE at a time.
 If you set two or more of the assessments to the same day, they will be back-to-back in the 

preview with a “welcome screen” before the first and a “thank you screen” after the last. There 
will be no other separators between intervals

52
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Previewing Other Time Intervals

 Copy & Paste the URL at the bottom 
of the registration details screen into 
the address bar of your web browser 
to begin the preview

53

The two sides of Assessment Center

Administrative Side
 Creating and setting up studies

 Completing instruments not “seen 
by participant” (e.g., medical 
record abstractions)

 Registering participants for the 
study

 Accessing study data

Participant Side
 Use login and password created 

at time of registration

 Used to complete the assessments

 NO access to data

 Cannot alter or change 
registration information

Assessment Center has two distinct sides: The Administrative Side and the Participant Side. Here 
are the differences:

54
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Registering a “preview” participant

 After you have logged back in to 
Assessment Center, go to the 
Administration Tab.

 Click on “Find / create Login

55

Registering for a full preview

1. Select the Study Arm
2. Login is optional. If left blank, 

Assessment Center will create one 
for you

3. Select Consent status
4. Click on “Register Participant”

56
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Registering for a full preview

 After registration, a URL will appear 
at the bottom of the page.

 Take note of the login and 
password

 Copy & Paste this into your web 
browser when you are ready to 
preview the study.

 The URL will automatically log in 
the preview participant.

 Perform quality assurance as you 
go through the study.

57

Approving the study

 If your study is ready to 
be launched, go back 
to the Preview tab.

 Ensure that you 
approve of both of the 
Excel Export and the full 
preview.

 Click on each box to 
approve.

58
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Launching the Study

 Launch your study by 
clicking on “Launch 
Study” on the Preview tab.

 Review endorsements of 
terms of use

 Read the warning about 
the study being locked 
once it is launched.

 Click “Launch Study” 
button if you are ready

59

Launching the Study
 Your study has now been launched. The URL for your study will be 

displayed on this page.

60

 If the computer you are using will also be used by participants, you 
can click on the “Add to Favorites” link to make it easier to reach 
the login page.

 The link is how a participant accesses the study. Administrative 
access is still through https:/www.assessmentcenter.net

 You may want to clear all of the practice data before any real 
participants complete assessments
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Clearing Practice Data
 You may want to clear all of the practice data before any real 

participants complete assessments
 Assessment Center will not delete data, but can classify practice 

data as “test” participants.
 Go to the Overview subsection of the Administration tab

 Then find a practice participant by clicking on the “Participant List”

61

Clearing Practice Data

 Click on the practice participant in the “Study Participants” popup 
window.

62
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Clearing Practice Data

 Change the participant’s consent to 
“Test”.

 To save this change, click on “Register 
Participant”

 This participant will no longer appear 
on the Participant List. 

 Repeat these steps until all test 
participants have been removed

 In the data export, these test 
participants will appear as Consent=3

63

Participant Registration
 For some studies, you may want to register participants through the 

administrative side of the site [for example, if you want to manually 
select study arms or create specific Logins or Passwords]

 Otherwise, the Registration process will be included automatically 
when a participant (or data collector on behalf of a participant)  
access the administrative side of the site.

64
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Participant Registration
 To begin manual participant registration, go to 

https://www.assessmentcenter.net and login with YOUR login and 
password.

 Check to make sure that the study you want to register participants 
into is the current study by looking at the top right of the screen. If it 
is not the current study, click the name of your study in the list of 
studies.

65

Participant Registration

 The next step is to click on the Administration tab
 Then click on the “Find/create Login button

66
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Participant Registration
 On the registration screen you will:
 Select the Study Arm and Schedule

 Create Login – Assessment Center will 
randomly generate this. If you want to 
make your own, click the box next to 
“Create Participant Login”. Creating the 
login may be helpful for multi-site studies 
to allow for easier tracking. 

 Choose a password
 Indicate if the participant has 

consented.

 If your study collects demographics, 
contact information, or other 
information, DO NOT click on “Register 
Participant, yet. 

67

Participant Registration

 To continue entering registration information about the participant, 
click on the sub sections at the top of the page.

 Remember that some of the fields can be considered Protected 
Health Information(PHI) under HIPAA. DO NOT enter this information 
unless your IRB has approved it being stored on Assessment Center.
 PHI includes: name, date of birth, geographic location smaller than 

state, email address, and others.

 After you have completed entering registration information, return 
to the “Registration Details” subsection and click on “Register 
Participant”. 

68
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Participant Registration

 At the bottom of the “Registration 
Details” page is the custom URL for that 
participant.

 Navigating to this URL takes the 
participant directly into the assessment. 
No login / password required as it is 
already part of the URL.

 If the participant is completing the 
assessment later or from another 
computer, he/she would use the study 
URL and his/her login/password.

69

Administrative Assessments

 If your study has assessments that are completed by the study team, 
such as medical record abstraction, recording of test scores, etc., 
return to https://www.assessmentcenter.net and log in

 Go to the Administration tab

70
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Administrative Assessments

 After clicking on the Administration tab, you should be in the 
“Overview” subsection. Here you will click on “Participant List”

71

Administrative Assessments

 Click on the participant. *If you have filled in 
a name, it will be displayed in place of the 
“zzz….”

72

 Click on the “Participant Data” subsection of the Administration tab
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Administrative Assessments

 This screen displays 
the Assessments for 
the participant and 
the responses.

 Names of completed 
instruments will be 
crossed out.

 To select an 
instrument, click its 
name

73

Administrative Assessments

 As you enter the data into these Administrative assessments, you 
should click on Save often.

 If your Assessment Center session times out, unsaved data will be 
lost.

74
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dPeQbP_fTf�gVPU�



����

�����	
�����
���	�����
������

�����������������������
���	�����
������

������������
������� !"� 
������

�#��$�%%&'��(�)��*'��+�	���������)�
������

�,	
���
���-�.������	����,����	���������)� !�� 
������

�����������������������	���������)�
������

�����&�%�	���������)�
������

�#����$�'/�	��� !0� ���
�������
������

����������������%�1����	���������)�
������

�����%�1����
�������
������

�#� ! � ���1%'��� !!� 2����	3����.�����-��	��	���������)�	�����	���������)�	-��	)�'��������	���	� !4� �	�	�����
�	������������5�2��6	��./������-��.���������
����.,��)������������������	7� !8� �9���&*����������'�	���
�	����	-��	)��-�����	�:�(��9���$$���������1'/�����5�2������	
��� !�� ��&;��(����-��.�����
�����������	
�����)����������	�������/�����5�2������	
���1�*;��9�<��*%��� !=� �������'��(����-��.���76>����������������)�
������

/�����5�2������	
�����%;��9����$��� !?� �������'��6���5�2�,	
�����	���������.���	7�����@���	���	7��)���������'���������
�-�� 4"� �����1��'�:�(
/�����
�������A����.������$$%'��B�������	./�������������	����������CD� 4�� ����	���	�����).��������������
�������������������
�	������	-������������������5�2���E���&�'��� 40� F��������-�
��)	����
������7����	����	���7�������	
.�������
/�����5�2�,	
���.���	������� 4 � ��	7�-�����	�:�(�	
.�����.��9�����$��������%'��(�)���'��B���

�	����
������������)��	����
/� 4!� �����-��.�����;����������������	7�-�����	�:�(�	
.�����./�����5�2������	
������;��(��� 44� ���
�����-�/����������	������������	7�-�����	�:�(�	
.�����.�����$;'����,��������	��������	��� 48� ��	���������)
����	����������.�
.������������;'/�����5�2�,���������	
��%��;��2����������� 4�� ����5�2�,	
�����������������������,��)�	
.�������
G�
�	����	-��	)��-�����	�:�(������*��'/� 4=� ��	7���	7��)���������'�	�����	7������
�-���������$'�����@���	�:�(/�)����������	�������� 4?� �����1&$'/�
�������A����.������$�*'/�	����)�
������

������&%&'��2	���%�	���2	���*'��H������ 8"� �����������/�������)�
�������������	���������������������������	���
�������	�������
�� 8�� ��E���$�'�� 80�

�IJ�KLMNNLMOOMP�QR�SQTUVIUW�KX�NLKY
Z[[\]̂̂_̀\M\ZJabQcQdJMQWd̂

eQfRcQ̀gUg�hWQV�



����

�����	
�����
�������
������

����������
������������	����
�	����	���	���������	�����
�� �� �!"#$##%&��'#$##(�)�
���������������	�������
��!"*#$##+&��'#$##(���,	-���.�/����$�0�)�	���� 1� ���	��������
������

��!"#$(23&��'#$##(���,	-���.�$������	
�����
����������������
�������������� 4� 	
5����������	��������	�����
��!"3$#0+&��'#$##(���,	-���3�	������$�%�$�,���(62#�7���������  � ��
���
�
���
������������	����
�	����	���	���������	���������	����������8	�	������!"#$#..&�� 9� �"#$##(��-���������:*������
���
�
���"#$(.%�)����������������	���������!"#$##;&��'#$##(��� �� ���	�������������:*����-����������8	�	�������"#$.2<����
���
�
)�	����=�������
������

�� >� ���	������-���8*
�	�����7?
��!@*#$<<0&��'#$##(�$�,���(62#�7����������
���
�
���
����������9A� ;$.���;$%B��
5�����5�����:��������	��������
5����������	��������	�����
����	�����������9�� �
��������8*
�	�����7?
���'#$##(������$�0�	������$�%�$�����������
�����������)�
������

)�����9C� �������	�����������	�����	��������	�������	����������@#$#<#�$�?�
�������
������

�=	
��9�� ����������������	��������	������	
5�����5���"#$(#;���,	-���.�	������$�0�)�	�����
��������91� �������=	
���������������
�	����	���	���������	��������"#$2<2�)����������	���������94� ��"#$.<.�)�	�������
������

���"#$.3;�$��9 � � ���99� DEFGHFFEIJ��9�� � K����������
���5L
��	�	�����
)�����������
�������
������

�����������	����������������8,��9>� ������������������	������
�=��������	���	����	�
��-�	��	����	���
&���������)�=����M������������	����A� �5����
�
$�N��������
�������
������

�	���������)�����8,�=	
�	��������-5���
�����������$�,������� �
��������O*
�	����(62#�7����������
���
�
��=������������	-�����
���������������	��������C� �����
��������8*
�	����8	�	�����	������:*������
���
�
&�����(62#�7����������
���
�
�=	
����� ���	-���	��5�����	�����2������(#�	������
$�,��
����
���
�����������
�����������	�������
�����1�

�PQ�RSTUUSTVVTW�XY�ZX[\]P\̂�R_�USR̀
abbcdeefgcTcaQhiXjXkQTX̂ke

lXmYjXgn\n�ôX]�
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dPeQbP_fTf�gVPU�



����

������	�
��	������������������������������������������������������������������������������������ ������� ����� !�����������"�����������������������������"��������������������������������������������������#� ��"������$�����������������������������%&'��"������������������������������������������������������(� ����
����)��*���+*��)�	 �,�����������������������������-������������������������������������������.� ����������+ */������������$����������%&'�������������������������������� �0�"������������������1� ���$����������%&'���������������������������������������������������
)�	��"��$�����
)	�����"�����#2� �������������$�����������������&34��������������"���
)��+*	 �5�"������������������������������#6� ���$����������%&'�������������������������������������������������� �7���������������8�����$��#�� ���������%&'������������������������������������"������������������������
�����������������-��#9� �:; ;;�-�&<=; *�>-����$����������%&'��=��; ;+<������������������������������
��	�?�< **@	�
'�� ��#�� >	 �A�����������������$����������%&'��"���������������������������������������
�����������������-��#�� �=; ;+<	 �,�����������8���B��������
���������+�������������	�"�������������������������"������������##� ������������������������������������������$�
�=; *<�	��������������������
�=; )B)	����������%&'���#(� "�����������������������������"�������� �3�����������������������������������������������������������#.� ��������������������������������������������$�����������������������������%&'�����"���������#1� �����������������"���������������������������������������
'�� �>	 ��(2� '����������������������������������C��&34�������������������������������������������(6� �������
� � ������������������������������� 	����������������������������������������������
� � ��(�� ������������������������D������	 �3��$���������������������������������������������������������� ��(9� !��������������������������������������������"���������������$�����������������������������
���������(�� E��������&34������������������F��������&34	 �G��������������������������������������������������(�� ��������������"�����������������������$��������������������������������������������������������(#�

�HI�JKLMMKLNNLO�PQ�RPSTUHTV�JW�MKJX
YZZ[\]]̂_[L[YÌaPbPcILPVc]

dPeQbP_fTf�gVPU�



����

�����	��
�����
���	��	���	��������������	���
��������������
������������
�
��	����������������  � ������!	�	�������
����!������	��	����
�
����������������������������
�
����	������
����!����� "� �
������	����������#�$��!%&�'�'�����	���������
�����
�	�����
����	�
�	��!	�	��������!(&�)*&��� +� ��
����
��	���
,�����������-���
�.���!���
�����!��/�������������������!������������	�����
����	���"0� ��!��������	�
	�����
��	���!	�	�����	�
��
�	��������/��	��
�
�����������������!������
���
����	���"1� 	��������������������������!�����2�	����
3�����
	���������/��	������
���	����	�
�����
	����"�� ������	��������
��������
�������
�
�
	���	����
3�����
	���������	�����	��	�����	������!������
���"�� ��
��������	���������
	���	������������������
��������	�����������!���
���!������
�����������"�� ����"4� 567589:;67:��"<� � =������
�������������������
�����������
����	��������������	���
��������������
��������" � 	��������
����
�	���	����	���
�
	��	�!��	�
�����$���������	�>2�	!����)?�&�@!�
�����!������
���""� ��
�
�������������	���
�����������
�������
������!	�����������������#2�	!���!�����������"+� A�����������	��������
����	���
�
	��	�!��	�
����	!!�	����������	����
����
�	��������
��������+0� �
��	�������
�2���
�����
��������
�����������	�����2	�!����������������	��������
�2���
����+1� !������
����
�������	�������	�����
��������
.����	������������
������	�
������	��������
���+�� ��
�	���	����	���
�
	��	�!��	�
�����B��!
��������������!�����
!�
�����������
��2�!��
�
���+�� !�����������
��	
������
�
�	���.
���	�
��	�������
��������������	��������	�����	���������+�� ��������	��������
����
�	���	����	���
�
	��	�!��	�
�����������	���
��������������
����	���+4� 
���!�������������
���.
���	�
��	�������
����	�����������	�����������.
���
��	����������!�	.��+<� ����
�	��CDA����/����	���������	���
��������������
����	�����������
�������	��������	����+ � �	��������	�����	������������	���	����!�	.�	�����	����	���	�������
�	��CDA���!�����������������+"�

�EF�GHIJJHIKKIL�MN�OMPQREQS�GT�JHGU
VWWXYZZ[\XIXVF]̂M_M̀FIMS̀Z

aMbN_M\cQc�dSMR�



����

���������	
���������������������	����������������������������������	��
���������������� ����

�����	�������������������	��������������
������	��������������	����������	
	����	����������� ����	���������
���� ��!�����������

�����	���������������������	�����	��������������������������"� ��������������#���$�������	�
�����	������������������

���	����	%�������	
	����	����������� ����	���������
������������������&	�����	��������������	�	����
�����	��������'� ����� ()*+,-./01/2/+34����� � 5������%�6	%��7	��$	���89:�����;������6�����
����89:��������	��	�$����������<� ���	�����������������������������5���=�������������	��������>���?������@��
������	������������A� �������������	�����B�����5�����������%�C�����
�!���$��	����D���������:������%����������	�����E� ��������	�������	�	������������������	����	������������� FGH+34��"�� � ��	�����B����&��������������������I;>J?�8������	�
���>�����
�������>��������""� 8�������	�������>	�������6��	����?��������9�����
����������	$�������
�����5KLM5N�LL�O��"�� POOO ���"'� ��"�� QR4).,4SG/4��"�� � ��������������$����������	�������	������������	��������;��������������	�������	�	���"<� ����������������	������������&���������������
������������	$��
������������� ��"A�

�TU�VWXYYWXZZX[�\]�̂\_̀aT̀b�Vc�YWVd
effghiijkgXgeUlm\n\oUX\boi

p\q]n\kr̀r�sb\a�



����

�������	�
����� �� ��������������������������������������� �!����!!"�#�����$����������$��!%�����������%���&�  '(����)� *�� ��������+��"!�����,,�'������-����.!�����/�"!����"�%�+!�#��01�2���3��4%����5������ 6�� ����������������� �!1���!78�����9�������!04:�$�4%���!���"1�9����%�*;<%����8*=������ <�� >?�@A�B����C��D�!��08��$����#!�.����#�����E��4������"����������F�GHI�JKLM�=;1�NN8��O� =5%�55����P� N�� >?�@A�B����CQ��GMRSTKU�VWUXRYKSZS�KY�[YKZRM�VL\WZWYT����#3��"�!� ��$!����0����� -�!������#3��"�!%� ]%�5̂ �̂���_� =�� >��??A�̀�abc�A�B�d�Ae����,.!�!��!���������!��E�"�.���"���#��E�������!�!��!�����������f� ��"����!����3�����!�"���������������F�JKLZWUX�<<1�*58*5N%�*;������ g�� >��??A�̀�abc�A�B�d�Ae����,.!�!�!��!������������#��������������!����3�����!�"��������&� .�#������������F�[IIM�hXiSKLM�*1�<*g8<6<%�*;*���O)� �̂� >��??A�̀�abc�A�B�d�Ae����,.!�#!��3�������������.�#����������1�����E��������.!���#���O�� E���.���j�F�GHI�JKLM�*g1�*<N=8*<=%�*;<���O�� 5�� >��??A�̀�abc�A�B�d�Ae����-�������������.!�#!��3�������������.�#����������1������48308�OO� ���4��������.��kYTWlm�nLZI�JKLM�N<1�;̂<8;5̂%�*;<���OP� ;�� >��??A�̀�abc�C	o��è pp�qbc�d�Ae��c�A�B�r�As̀t
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Ŝ__]:̀abcd]U���e-,!--C4Af
����������!,,CBN!4,-JU���!f
���!���

ghigjklmmklnnlmgopgqorsthsugjvgmkjw
xyyz{||}~zlzxi��o�o�ilou�|

�o�p�o~�s�g�uotg



�����������	����
����
����������������������������
�����
�����
����������������������������������������������������
����� ����������������������������
������
����
�����!��������������������������
��������
��������
�����
�����
������
�"����
��������#��������$���	������������������
����������� ��������
���
��
�����
������������
�����
������
��������������
����%����������
�����
������������
����������$����������&���"��������������������������
��������
�����	����
��������������
����� �����������������
�����%����� �����
�����������������	���"���������������
��� �'����	������������"������������� ��	�����"��	����
��	���
����
����	������
��"��������
��"���������"���������������������
����!���!���������"(����)�*�����+��,��-�
���������������./0��������������""��*������ 	����
������

���������������1�
����������������
�� ���	����
������"�������������� �0����2/����������+������
��(����)�*�����������
��� ��%
������"��!./0%(�����������������������������������������������������
������
��������������3����
��	�� ��������������������������������4������������

������������ �"����4�����������"�� ������"�������
����
���
�����5��

�"������
���������� "�������2�����������

������������������"�������"��������
�������6��
������)���
��"��������
�������������
���	���������
�������%�
��
�������������������� ��""���������5����������3�	������&#�������"���������!�����������"������������������

���������������������������������"���������������������������������������
��"������"�����	�������������7��
������
��������������������������������%!�����"����������� ������������3%���"��/68���
����������	�����������������*
������9831����������
��"�%��������������+���$���	��������������������
��������%�����"��������
������������3�7���������� ��������������
������
������������������ ������9831����������
��"����������������������
���������������
��������"�������
��0��������������*��%��������� �����	�������"��������
��������������������������������
 �:;#��&���������������:; #�<�������������
���������"��!���!���./0�=;#�##�2:;#�#�<��0���	�� �%
���
�������"��������
�������"��!���!���./0�����������
��������,>�����������"��������%������?%�������	���������"���%�����
���������������
����������������������:@#����������
���������"��������
������������������
��� ��
����"��������
��������������7����!������������ ������� �����	��������������)���
��"��������

���������������
����������"�������
��7��������������+�������������������"�����������������/68�A�B����������������������������%���������"���������������������
������������������%���������������"�������������

���������"����������%����"������+��$���	�����������"��������������� ��
����3�7����������"��	����������������B�����%����
�����������"��������
�������#��&C#�+<!DE����%"�����������"��������
����������6��������F����!�������<����������������
����%��������������������"�
����������
��������������
��������
����
������� ��������������%�������"������������%
��������������
����������

������������9�
���������F����!�������<����������������
��������������������

��������

�������������������
����
������� ������������%������
��"���������
�����������*������ ���!
����������������������������

�������������������
����
������� ��������� �����%������/68��G�;#�#����0���������������������"��������
��
����
������� ��%�����������"�������"��������
������������������������H:; #�+�,���������	�����������������
��������������
����%��������������3����
��	�� ����""��������������������������������"��������������������������������

����������%�������������������
��� ����������� �����
����������"��������������
�����������������5�������������	����������������������������"���/68��%�������������������������������������������������"������������
���� 
��������"��������
��������I���������
���
�������������'
.�����������&����������������"��������
���������	�����	����������������5������"�����	�����
���������������������������������������%�
�����������������"��������
����������%�������������20������7������������(�
���������� "��������I��������������
��������������������"�����������������(���������������
�������������������������%�����������
��������������������	��������"�����%���������������<��#��<��I�������������
���������%������"��������
���������
��������������
����
���������������������������%���������"��������2
���������� ����	��������������	�� ���
��"����
���!�� ��������������������
����
��-����
����%
��� ��������������
��"��������������"����(�������%��������������������������������������+��,��,��6��
�/68�������
����� �������������������� ������������"(��������������������)���
���������������+��,��,������"���������������������������������������������"��������"������� ��� ��!���(������
����
�������������������0��������������������������������������
���������%���� �����������������������������������������������%�����������������"���������8��	����� ������������

����������������� ������"��������������������������������������������"�������������<�2����������������������	������������������������������������"���������7�������6���
������������
����%�
�����������
�����"����
�"������������"�����	����������������������	����������3�7���I�J!�K�J!�K������������	������������������������������������"����������7������LMNOPQNR?STUMVWMNR?NOVXV?NUWGPRRYN?SZPOVXXPR?P[?GSTR\PG?]̂PL_̀SOaNR[PG?MN\SG?VXV\ST?RVT?MN\GNRNT?R?aUb]S?MON?NRcde_SRQNOOSR?MPRNGN\PG?NUVT?MNOV?NGS?aGN]S?MON?NRfSTUg_������������-��������7������������"�������� h�����.����3�7���I�J!�K�J!�K� $������.����3�7���I�J!�K�J!�K�� �#+�# �&��#� �,��& ��&�#� �,��# ��#��� �+��� �#���� �,��� ��#�+�	�����A6i �,&��A���� ��+�#A���+& �+��< DE�+ ��&�� DE��	�����A6i �,,�<A�&��j?MON?Nf�����5� ����������<��S?MON?Ng�����������-�����������+��������������	�����3�7����������"������ F�������������DE������""��
�����

<,� /���
��8��������
6������9�"��	��/������k
���� lmNXnopN?SO�

qj\\O:MbRVPOl���H�#�����E(�""�"� �����##�,+��#�&l����(�""�����

rstruvwxxvwyywxrz{r|z}~�s~�ru�rxvu�
����������w��t��z�z�twz���

�z�{�z��~�r��z�r



�����������	
������������������������������
	��� �!"#�	 $� ���%#&�	 �����'���'������#����#����%��%��'&�(��������	��)���	 � ��'�������%%*�+,�	#�%�$������������-�.���-���'��/�.������	
���������������������%���� ,�	���#��0��������#�%�#'�'����!%�����%�0� ����������$��� � 1 �����%�0�� ���'�	��'%� $$��%%��������'�� ��%% ����0�	��%������� ��	���%!�0�� ����2�#��� ��$�����0�$�#����� � ����%� �	'�'�,��������%%*�+,�	#�%�0��3�������40 �0���0���0� ���%������� ��	�� �	%���-�/����-,%������������	
���������5�� ��'�!�� 	�'6!��%�578/�//�5+�&	����9�3���#��&	�������0�0���� �#�:;*������ � ��0� �0�$���		���� � ����%��'���%�0�� ���'�	%'#�����% '#�		 �&	����0%��'<�����%�0�� ����������' ���% ��%�:��#���3��'����'�%��� %� ��	�������0�0������#���'$���0�' %!������� �% ����� � ����0� �0�����%%�� �	%�=	%���#����� �! ����%#%�'�%��%�$%����%������	����#��������	��%��$��*!%0���'>�;%��'�%��$��?!%0���'>�;%���0#%�0�����#	'0�,�&���#��"#�	��% '#�		 �&��,�����3 �0 ��0�' $$�����%����%�+0 %���0�,�	�'��,��� ��	�,�	%�$�#%�#	���������� ����'<�����0�� ��	������' %% ��� ���@�$���#!����	��	 ��	� %��3������' ��0�3���%�0�� �%����%�$$�����0	�� ����$���������#�#��%�#' �%� ��'��#�'��%���'�0� �A#�����$%����'�% �����0����$��������$��0	���%3 �0	�3��	 �&���#��� ��%���3�������'��#��0���������$�0�.���� � ����%3���#��&	�������	����		�� �	%����/�<%30 	��� ��� � ���� ��� 	�����& �����&�	 %��=%����%�"#������0�%������ � ����%����	���'�0� ��� �	%����.�<%5�0���$����3�#%�'���*�+&���#%��$ �%������	 �'����'����3 �0�#�� ��%���'���))�)���30 �03����2���'3 �0�#�'���%��#% ���	 ����� ��'!��'�	���	�% %�78/�.-���B,���0�#�03����%����0�	����%�'���%���$�#�� ������&�	 ���%�%��'& ����0�� �%$�����0	���%3 �0& 	�����	����%� & �	���#��� ��%��'�����#���	�� ,�	�%��		%���	�% 1����0�,�$�	%�	�	�'#%���������#		0����0�%�%�����::�������0��3�#	'&�'������'3 �0�	��������� � ������0����CDEFGHIJDEIK;��%�0�� ���'�	��'%� $$��%%�&#����0� �0�� �A#�����0�����&�	 ���%��$�#�� ��$����0	���%3 �0& 	��!���	����%� & �	���#��� ��%�90 	�������		 ��$�����%�0�� �%� $$��%%� � 	���3���%����������#% ���0��	��!>#���'�0��B�/��� �������%�0�%�%� �	'�'	�3���������&�	 ���%��$����%����%�������'3 �0#% ���0�*����#	����%�0�%�%�=���%%���%�0�� ���'�	%�#%��$>�;%�0�����	�%%%� $$�0�����#$���#�����������'�'�������#��� ��		�	�3��%� $$��%%�����������'#��'�0�����&�	 ���%��$�#�� ���+0�#%��$>�;%�$' $$�����0� �0�%%���� ���)!�������0�'���$$������0�����&�	 ���%��$�#�� ���(��0�� ��		���0�	��%� $$!��%%�$��0	���%3 �0& 	�����	����%� & �	���#��� ��% %��,!����'&� �!%�� �%���%�0�� �%� $$��%%�:��		���0	���%3 �0& 	�����		�����#��� ��%���� � � 1��0� �����&�	 ���%��$�#�� ���0��#�0�0�#%��$>�;%�0�������� ��		�'�% ���'��'0�,�	�3�����%�0�� �%� $$��%%�������'3 �0�0����#!$���#���!��������'�'�LMNOPQRSTUVSOWX9��0��( �Y ��, %0�*;
���'=���	�(����������*;
�$���0� � �,�	#�&	��%% %������0��#�0�#��#�%�#'��9������'�#����� �#'������>�'���Z���$��%#������0��#�0�#��0 %���[����9��	%��0������'��:���,�� ��%�\%%#����'
���&��$��'���� ���0��#�� ��!%��� 2����%�0�%�%#%�' ��0 %%�#'��

U]LOWX+0 %���[���3�%%#������'&��0�̂ � '� ��=',����'��,�	������%$��B����� ���	>�0�& 	 ��� ���̂=�B>�*��%��� #��������������$��$��%�*�����%% ���		�� �����'(�' ��	>�%����0;������%*������� ,�=���������9��_9 !̀��!�!/�����TaXMRPXb]SX+0��#�0��%0�,������A ��%�$ �����%���' %�	�%��=		�$�0��#�� ��!%��� 2����%�0�%�%#%�' ��#�%�#'�3���'�����'$��� �0���%���� ,����#$���#����LbWcP]MPOW]adbWaPOX
�e�̂��;�+����'=�(�f����$����'����� ����%5
�e�̂��;�+����'=�(�f����	�1�''���5
�e�̂��;�+����'=�(�f� ���������'��%#	�%�$�����! ����%5
�e�̂��;�+����'=�(�f��������'2�#��%5
�e�̂��;�+����'=�(�f�'��$��'���#%�� ��5
�e�̂��;�+����'=�(�f��' ��'��'��, %�'���#%�� ��5
�e�̂��;�+����'=�(�f������,�'2��	,��% ���$���#%�� ���]SgS]SOMSX.�Lhijklmin]VoB�����!%�, �����0�� %�% �3�	 ����'�#�� ���pqrstJDG��/u..v����������LnihhklwMxyNnkz ]o+0��$$���%�$%���3 '�0��'���%3 ����������� ���%���'	�����	&�	����'#� ���#�� ���ptJD{|F}))u����v���.��/���'� u�/��/��<[�[& ����0��/���/��//��-�LnihhklwMxyNnkz]o+0�������� ���%��$�� ��� � ��	�����	&�	����'#� ��0#����#�� ���p~ssG7}�IJDG���������u)�-v)�)��/���'� u�/���.�<[���	�0�% �	�//..)��/�����LnihhklwMxyNnkz]o+0�����&�	 ���%��$0#����#�� ��u %%3 �� ���0����%3���0 ��pqrstJDG��-u�).�v�)����/�)�'� u�/���)�<[�&��//)�/���LnihhklwMxyNnkz]o;��� � �� ���0�����&�	 ���%��$0#����#�� ��u���%!&�!��%�������0��E6|��CD{stJDG.)u�/�)v�/����/�)�'� u�/��/��< �&< �#/����/�LnihhklwMxyV�Tinzw��QxyNnkz ]yUnk�w����LVoB$$����$�#�� ��%���'��'	�����%�0�%�%����' �	�����	$����	���������' �%,�� �& 	 ���7�D��E|�/u�/��.��-��/�.�'� u�/���-�<[�#���	������/��.��-����di��POyWk�w�k�yUnk�w����LVo*0������� 1 ���0����0�� ��	������� �%�$�#�� ��!%��� 2����%�0�%�%�7�D��E|��u�/��������/���'� u�/���-�<[�#���	������/����������dilli��VdyNin]gyazin�OxyLhijklmin]Vo(��0�� ��	������� �%�$,�� �#%�����	 �����'��%�p�DDG�/�u.�-v.)�������'� u�/�����<[��)��!-����������&/��/�������d�i�ilinLLo���	 ��&�'�%#����� ������	%u	 �&��%�#����'�#%�	����0�� �%��FJ|EF|�).u).v)�������'� u�/�����<%� ������-)/��)��)�d�i�ilinLLygknhi�MWy]w�in��WxyWizklinVo(#%�	����0�� ��	�',�������$0#���3�	 ����'�#�� ��u ��	 ��� ��%$����������%��p~ssG7}�IJDG�������-u����v��-)��//)�'� u�/���.�<[���	�0�% �	�////���//)��.�dh����kl]o+0�%�� ��!��%%��'�	$���#�� ����'0��� ���ptJD{|F}��u���-v���-������'� u�/��/��<//��!���/�����/��)!�����dnw���k�xVo��� ,�� ���$$���#	��#%�'����	�#	��������������!' �#�� ������H{�H6�CGJE�H6�)�u)��v)-�����-��-�dnw�lVdyV�hhknm�X�k��wnmVRyLhh��wlL]o>#�� ��!%��� 2����%!�0�%�%���� ���������%�% � 	����������#���%��|��FJ�sD�6Iqr|�F)�u�/�/v�/�-��//��'� u�/���)�<(���/&/�����������������dn���izkllU�yLnkz k�¡��LySzn���gy�w���k��Qô ����0�� �%�$'�#&	�����%� & �	���#���%�� �� ��#% ��'�' ����'%�� �� �����%�0�!%�%��sD�6I¢|F}EDG�u��/v��-��//��'� u�/��/�/<���)������//����)�)-�����Mk£k�lkULo������	��$���%�%���������%�p~ssG7}�IJDG��u�-)v�-����-.��/�Mk£k�lkULyNkli�wVo(��0�� ��	3����'�$2� ���� �	�,�	3�	 ����'�#�� ���p7}�IJDG���u)�-v)�����--�'� u�/�����<[�0�% �	���--�%�/���������Mk£k�lkULyXk��ilig�yVkn�kn�k]o(��0�� ��	3�� ��#�� ���p~ssG7}�IJDG��u�)�v�.�����)����Mk£klk���]otJD{|F}¤EJFID¥¦JI6¤EF|§HEEJE��*0���� ���:Yu#̀���Z ��� �%����/����Mk£klk���]yQ�hh�kz�N]o+0��$$����$%�� '�	����0,�� �� ����������#����'#� ��' %������#�� ����|��FJ�sD�6Iqr|�F�)u�/v�.������'� u�/���)�<////.-��!����/�///!////��
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� EFGHIJKGLKMNOHKIPQRMGHKSOGITPKUMKVQTMGTJROMGGRGWIRXIHTYYZKPTSKYKGLR[QRJSTG\KMNOHIZPRYZKIHP]ĤTQ_KMÙ TGKIMGROGQRJIPTYYRaPJKYKGTHLWITYGWQTHÌ HRXKZIHPGRUTKMTSIGGIHOMZIHPGTMZKMUR[GWIZKPTSKYKGLTPPRQK\TGIZaKGWXTHKROPKMNOHL T̀GGIHMP]bMYLHIQIMGYLWTXIRHGWR̀IZKQPOHUIRMPSIUOMGRQRYYIQG[OMQGKRMTYROGQRJIJIT\POHIP�TMZ ÌHWT̀PIXIMJRHIKJ̀ RHGTMGYL�WTXISIUOMGRQRYYIQG̀TGKIMG\HÌRHGIZROGQRJIP]̂WIHIKPTUHRaKMUSRZLR[IXKZIMQIZIJRMPGHTGKMUGWIKJ̀ RHGTMQIR[TJOYGKZKPQK̀YKMTHLT̀ H̀RTQWGRR̀GKJKcIROGQRJIPKM T̀GKIMGP[RYYRaKMUPIXIHIIFGHIJKGLGHTOJT]̂HTQ_KMUGWIROGQRJIPR[GWIPIKMGIHXIMGKRMPYRMUKGOZKMTYYLaKYYOYGKJTGIYL H̀RXKZIGWIJKYK\GTHLPOHUIRMaKGWTMIXKZIMQI\STPIZ̀ YTMGRGHITGPIXIHIQRJSTG\HIYTGIZIFGHIJKGLKMNOHKIP�YITZKMUGRR̀GKJTYQTHI[RH[OGOHIQRJSTGKMNOHIZ̀ TGKIMGP]deRaIXIHSITOGK[OYGWIPGHTGIUL�LROPWROYZRQQTPKRMTYYLYRR_TGGWIHIPOYGP]fghKMPGRMiWOHQWKYY�.*j�klm*��.EFGHIJKGLKMNOHKIPQRMGHKSOGITPKUMKVQTMGTJROMGGRGWIRXIHTYYZKPTSKYKGLR[QRJSTG\KMNOHIZPRYZKIHP]nRHPRYZKIHPOMZIHURKMUT̀ WLPKQTYIXTYOTGKRMSRTHZ[RHOMVGGKMUQRMZK\GKRMPQTOPIZSLTSTGGYIVIYZKMNOHL�oROGR[GWIGR̀ pTMZ�ROGR[GWIGR̀ �THIRHGWR̀IZKQ�IFGHIJKGLQRMZKGKRMP]nOH\GWIHJRHI�pqrR[QRJSTG\KMNOHIZPRYZKIHPWTZOMVGGKMUQRM\ZKGKRMPGWTGaIHIRMYLRHGWR̀IZKQ]b[PRYZKIHPJIZKQTYYLIXTQOTGIZaKGWTWITZ�GWRHTF�RHTSZRJKMTYKMNOHLaKGWTQRMQRJKGTMGRHGWR̀IZKQKMNOHL�GWIRHGWR̀IZKQKMNOHLaTPGWIH̀KJTHLOMVGGKMUQRMZKGKRMKMRXIHqprR[GWÌ TGKIMGP]sMT[RYYRa\Ò PGOZLQRMPKPGKMUR[TQRWRHGR[GWIPI T̀GKIMGPaWRPÌ HKJTHLOMVGGKMUQRMZKGKRMaTPRPGIRTHGWHKGKP�KGaTPZKHIQGYLTGGHKSOGTSYIGRQRJSTGKMNOHLKMt�rR[QTPIPTMZRQQOHHIZKMTPYKGGYITPtu�JRMGWP[RYYRaKMUGWIKMNOHL]�ŴKPMIQIPPKGTGIPZKHIQGTGGIMGKRMGRIFTJKMKMUYIPPRMPYITHMIZHIYTGIZGRRHGWR̀IZKQKMNOHLPRGWTGIXIHLI[[RHGKPJTZIGRR̀GKJKcIGWI[OMQGKRMTYHIQRXIHLR[PRYZKIHPKMNOHIZKM[OGOHIQRMvKQGP]wPGWIMTGKRMGHTMPKGKRMPGRTMKMGIHaTH̀IHKRZ�KGH̀RXKZIPTMKZITYGKJIGRHIvIQGRMGWITZXTMQIPKMGWIGHITG\JIMGR[PIXIHIIFGHIJKGLKMNOHKIPGRKZIMGK[LdYIPPRMPYITHMIZfGWTGaKYYOYGKJTGIYLHIPOYGKMKJ̀HRXKMUGWIJKYKGTHLWITYGWQTHIQT̀TSKYKGL[RHGWIMIFGQRMvKQG]�1x�j*2.m'�$*j2my�.z�l*m�1'{|TGKIMGROGQRJIPWIỲJKYKGTHLWITYGWQTHÌ HRXKZIHPOMZIH\PGTMZZKPTSKYKGL]wYGWROUWGWIZIPKHIZROGQRJIKPGRHIGOHMTT̀GKIMGGRWKPRHWIHJTFKJTYYIXIYR[[OMQGKRM�WKPGRHKQTYYL�RHGWR̀IZKQROGQRJIP[RQOPRM[TQGRHPPOQWTPHTZKRUHT̀WKQ
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Limited available information describes how running-specific prostheses and

running speed affect the biomechanics of athletes with bilateral transtibial

amputations. Accordingly, we quantified the effects of prosthetic stiffness,

height and speed on the biomechanics of five athletes with bilateral transtibial

amputations during treadmill running. Each athlete performed a set of

running trials with 15 different prosthetic model, stiffness and height

combinations. Each set of trials began with the athlete running on a force-

measuring treadmill at 3 m s21, subsequent trials incremented by 1 m s21

until they achieved their fastest attainable speed. We collected ground reac-

tion forces (GRFs) during each trial. Prosthetic stiffness, height and running

speed each affected biomechanics. Specifically, with stiffer prostheses, athletes

exhibited greater peak and stance average vertical GRFs (b ¼ 0.03; p , 0.001),

increased overall leg stiffness (b ¼ 0.21; p , 0.001), decreased ground con-

tact time (b ¼ 20.07; p , 0.001) and increased step frequency (b ¼ 0.042;

p , 0.001). Prosthetic height inversely associated with step frequency

(b ¼ 20.021; p , 0.001). Running speed inversely associated with leg stiffness

(b ¼ 20.58; p , 0.001). Moreover, at faster running speeds, the effect of pros-

thetic stiffness and height on biomechanics was mitigated and unchanged,

respectively. Thus, prosthetic stiffness, but not height, likely influences dis-

tance running performance more than sprinting performance for athletes

with bilateral transtibial amputations.
1. Background
During running, the vertical position of an athlete’s centre of mass (CoM) reaches

its lowest position at mid-stance and its highest position at the middle of the aerial

phase. This fundamental cyclic movement is due to the spring-like behaviour of the

stance leg and is well described by a spring–mass model [1–6]. The model simpli-

fies the leg’s musculoskeletal system during running to a massless linear leg spring

supporting a point mass that represents the athlete’s CoM [1–6] (figure 1). During

the first half of ground contact, elastic potential energy is stored in the compressed

leg spring. Subsequently, the stored mechanical energy is released during the

second half of ground contact as the leg spring recoils, thereby accelerating

the CoM forward and upward into the aerial phase [7]. The magnitude of the

stored and returned mechanical energy is inversely related to leg stiffness, and is

thought to influence running performance by altering the generation of muscular

mechanical work [7–9], and contraction velocities [10].

Fundamentally, the spring–mass model characterizes running biomechanics

for athletes with [6,11–13] and without lower-limb amputations [1–6]; however,

the product of step length and step frequency ultimately dictates running speed.

Step length can be determined from the product of the horizontal distance tra-

velled by the CoM during ground contact (contact length) and the stance
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Figure 1. Illustration of a (a) spring – mass model and (b) spring – mass model with two in-series leg springs. Body mass is represented as a point mass (circle) and
the touch-down angle is indicated by u. (a) The stance leg is represented by a massless linear spring for non-amputees, and (b) two in-series massless linear springs
for athletes with bilateral amputations. The initial leg length (L0) shortens (DL), and vertical height (Dy) decreases during the stance phase of running. Modelled
residual limb length (Res0) and prosthetic height (RSP0) compress and extend (DRes and DRSP) during the stance phase of running.

rsif.royalsocietypublishing.org
J.R.Soc.Interface

14:20170230

2

 on July 12, 2017http://rsif.royalsocietypublishing.org/Downloaded from 
average vertical ground reaction force (GRF) magnitude nor-

malized to body weight [14,15]. Step frequency can be

calculated from the reciprocal of the sum of ground contact

time and the subsequent aerial time [14,15]. Thus, the

spring–mass model describes running biomechanics, while

kinematic and kinetic parameters dictate running speed.

There is limited available information regarding how

athletes with bilateral transtibial amputations, who run

with passive-elastic running-specific prostheses (RSPs),

adapt their biomechanics to achieve different running

speeds. That is because to date merely three studies have

reported biomechanics from a total of two athletes with bilat-

eral transtibial amputations across running speeds [6,16,17],

and because the running biomechanics of athletes with uni-

lateral transtibial amputations (affected and unaffected leg)

and non-amputees differ from those of athletes with bilateral

transtibial amputations [6,16–18]. Collectively, as constant

running speed is increased from 2.5 to 8.0 m s21, athletes

with bilateral transtibial amputations decrease leg stiffness,

increase contact length [6], increase stance average vertical

GRF [16], decrease contact time and maintain a nearly constant

aerial time [16]. Beyond 8 m s21, the same biomechanical

trends persist except that stance average vertical GRFs plateau

and aerial times decrease [16]. Therefore, athletes with bilateral

transtibial amputations increase both step length and step fre-

quency to achieve running speeds from 2.5 to 8.0 m s21, while

they primarily increase step frequency to achieve speeds faster

than 8.0 m s21. However, these trends are based on data from

two athletes, thus a greater sample size is needed to confirm or

refute these results.

Further, it is uncertain if the biomechanical changes with

altered running speeds are inherent to athletes with bilateral

transtibial amputations or if they are due to the characteristics

of their RSPs. For example, many researchers and governing

institutions speculate that prosthetic stiffness and height have

a strong influence on the biomechanics and running per-

formance of athletes with bilateral transtibial amputations

[6,11,19,20]. In our previous study [11], we found that the use

of stiffer RSPs by athletes with bilateral transtibial amputations

was correlated with increased overall leg stiffness, increased

residual limb stiffness, faster step frequencies and increased

metabolic cost at relatively slow running speeds (2.5 and

3.0 m s21). Yet, it remains uncertain whether running speed

alters the influence of prosthetic stiffness on biomechanics.

Because prosthetic stiffness slightly increases with greater
applied force [21], and residual limb stiffness is positively

associated with prosthetic stiffness [11], the leg stiffness and

step frequency of athletes with bilateral transtibial amputations

should theoretically increase with running speed. Yet, the leg

stiffness of such athletes has been reported to decrease with

faster running speeds [6], indicating that the influence of

prosthetic stiffness may be mitigated at faster running speeds.

Athletes with bilateral transtibial amputations participate

in events that span a broad range of running speeds; therefore,

it is important to understand how prosthetic stiffness, height

and speed affect biomechanics. Accordingly, the purpose of

this study was to quantify how changes in prosthetic stiffness,

height and running speed affect the biomechanics of athletes

with bilateral transtibial amputations. Based on our previous

study [11], we hypothesized that across running speeds,

(i) the use of stiffer RSPs would increase leg stiffness and

step frequency and (ii) the use of taller RSPs would be indepen-

dent of the biomechanical variables that govern leg stiffness

and running speed. We also hypothesized that (iii) faster run-

ning speeds would lessen the influence of prosthetic stiffness

on biomechanical parameters.
2. Participants and methods
2.1. Participants
Five male athletes with bilateral transtibial amputations partici-

pated (table 1). Four athletes primarily compete in sprinting (less

than or equal to 400 m) and/or jumping track and field events

and one athlete primarily competes in distance running events

(greater than or equal to 5000 m) (table 1). Each athlete had over

1 year of experience running with passive-elastic RSPs, and gave

informed written consent according to the protocol that was

approved by the Colorado Multiple Institutional Review Board

and the USAMRMC Office of Research Protection, Human

Research Protection Office.

2.2. Protocol
Initially, each participant completed a fitting and accommoda-

tion session. During this session, we collected anthropometric

measurements to determine the tallest prosthetic height that each

participant could use to compete in track and field races according

to the International Paralympic Committee (IPC) guidelines [19].

Next, a certified prosthetist aligned each participant with three

commonly used prosthetic models (Freedom Innovations Catapult

FX6, Irvine, CA, USA; Össur Cheetah Xtend, Reykjavik, Iceland;
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Ottobock 1E90 Sprinter, Duderstadt, Germany) at the manu-

facturer’s recommended and +1 stiffness categories at the

prosthetic height that produced the IPC maximum competition

height and +2 cm. We chose these stiffness and height configur-

ations because they have been reported to elicit biomechanical

changes during running in athletes with transtibial amputations

[11,22,23] and they enabled us to recruit athletes spanning a

wide range of body masses and heights.

Each RSP functions as a spring through the storage and return

of mechanical energy during stance. The Catapult prostheses are

‘C’ shaped and attach distally to sockets via connecting aluminium

pylons. Each carbon-fibre or fibreglass socket (check socket) sur-

rounds a residual limb and is secured with suction or a locking

mechanism (figure 2). The Cheetah Xtend and 1E90 Sprinter pros-

theses are ‘J’-shaped and mount to the posterior wall of the socket.

After establishing the heights of the J-shaped RSPs, the prostheses

are typically bolted directly to the sockets. To preserve the J-shaped

RSPs, secure them to the sockets, and alter prosthetic height

between trials, we constructed custom aluminium brackets that

were bolted to the sockets (figure 2).

Owing to participant residual limb lengths and available pros-

thetic components, we were unable to match the maximum IPC

competition height for some participants with certain prosthetic

models. For these cases, we set prosthetic height as close as poss-

ible to the maximum IPC competition height. If the closest

attainable height was taller than the maximum IPC competition

height, we set that height as the baseline height for the respective

participant and RSP combination and ensuing prosthetic height

alterations were þ2 and þ4 cm. If the closest achievable height

was shorter than the maximum IPC competition height, we set

that height as the baseline height for the respective participant

and RSP combination and subsequent prosthetic height alterations

were 22 and 24 cm (table 1).

After participants were aligned to a prosthetic configuration,

they ran on a motorized treadmill (Treadmetrix, Park City, UT,

USA) at self-selected speeds until both the prosthetist and partici-

pant were satisfied with the comfort and function of the respective

RSPs. Generally, athletes accommodated to each prosthetic model

at the recommended stiffness category and height. When using

C-shaped RSPs, athletes also ran at additional heights (i.e.

+2 cm) to determine proper alignment with the taller/shorter

pylons. When using J-shaped RSPs, the components and align-

ment were the same at each height per model, hence athletes did

not typically accommodate to the additional heights. Four athletes

used their personal competition sockets for the trials with the

J-shaped RSPs, and they used their everyday/walking sockets

when equipped with the C-shaped RSPs. For the other athlete, a

prosthetist fabricated custom sockets that replicated the partici-

pant’s competition sockets (suspension, internal dimensions,

etc.) for use with the C- and J-shaped RSPs.

On subsequent days, participants performed a session of one

to three sets of treadmill running trials [6]. Each set of treadmill

running trials started with the participant running at 3 m s21

and following successful trials, treadmill speed was incremented

1 m s21 for the next trial. A successful trial was determined if the

participant was able to maintain forward position on the treadmill

while taking 20 consecutive steps [6,14,16,24]. If the participant

was unable to maintain forward position on the treadmill for 20

consecutive steps, the trial was deemed unsuccessful. Ad libitum

rest followed each trial. Following unsuccessful trials and rest

periods, participants were given the option to retry the preceding

trial’s speed, or deem the last successful trial as their top speed

with the given prosthetic configuration.

Participants were given two options to commence each tread-

mill running trial. The first option began with the participant

straddling the treadmill belt while it sped up to the desired

speed. Once the treadmill was up to speed, the participant low-

ered himself onto the moving treadmill belt using the handrails.

http://rsif.royalsocietypublishing.org/
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bracket

pylon

prosthesis

(a) (b) (c)

Figure 2. From left to right, (a) the Össur Cheetah Xtend prosthesis (J-shaped) at a representative recommended height, (b) the Freedom Catapult FX6 prosthesis
(C-shaped) at a representative height of þ2 cm and (c) the Ottobock 1E90 Sprinter prosthesis (J-shaped) at a representative height of 22 cm. The C-shaped
prostheses are connected to sockets via aluminium pylons, and the J-shaped prostheses are connected to sockets via custom aluminium brackets. (Online version
in colour.)
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The participant then took a few steps on the belt and, when com-

fortable, began to run without handrail assistance, initiating the

step count. The second option allowed each participant to begin

by standing on the static treadmill belt. The participant then

accelerated with the treadmill belt until the target speed was

achieved. Once the treadmill achieved the desired speed, we

began to count steps as the participant continued to run on the

treadmill. For each trial, participants were allowed to choose

either starting technique.

Each participant ran using 15 different combinations of pros-

thetic model, stiffness category and height. At first, participants

ran using each model at three different stiffness categories (rec-

ommended and +1) at the IPC maximum competition height.

The stiffness category for each prosthetic model that elicited the

fastest top speed was considered optimal. Subsequently,

participants ran using the optimal stiffness category of each pros-

thetic model at two additional heights (+2 cm). We randomized

the trial order beginning with the nine prosthetic model and stiff-

ness category combinations at the maximum IPC competition

height. Once a participant completed trials at all three stiffness cat-

egories with a certain prosthetic model, we randomly inserted the

altered height trials for a respective model at the optimal stiffness

category into the trial order.

2.3. Prosthetic stiffness
Prosthetic stiffness categories are recommended to athletes by

the respective manufacturers based on user body mass, with

larger athletes being recommended numerically greater stiffness

categories [25–27]; numerically greater stiffness categories indicate

mechanically stiffer (kN m21) prostheses [21]. As recommended

stiffness (kN m21) differs between prosthetic models [21], we

calculated prosthetic stiffness using the peak vertical GRFs

measured from each leg during each trial (present study) and the

force–displacement equations from Beck et al. [21]. Next, we

divided the measured peak GRF magnitude by the estimated pros-

thetic displacement to yield stiffness. Prosthetic stiffness values

were previously only recorded from participants with transtibial

amputations running at 3 and 6 m s21 [21]. Thus, we calculated

prosthetic stiffness for trials at 3 and 6 m s21 and then derived pros-

thetic stiffness at 4, 5 and 7 m s21 assuming a linear relationship

between prosthetic stiffness and running speed. We did not estimate

prosthetic stiffness beyond 7 m s21.
2.4. Data collection and stride count
We measured GRFs throughout the duration of each running

trial. We collected GRFs at 1000 Hz, filtered them using a

fourth-order low-pass Butterworth filter with a 30 Hz cut-off

[11,22,28,29], and then used the filtered data to calculate the

mean GRF parameters, stride kinematics and leg stiffness

values with a custom Matlab script (Mathworks Inc., Natick,

MA, USA). We set the vertical GRF threshold at 20 N to detect

periods of ground contact. For each trial, participants ran with

a reflective marker on the distal end of one of their RSPs, and

we tracked its position at 200 Hz (Vicon Nexus, Oxford, UK).

We filtered the position data using a fourth-order low-pass But-

terworth filter with a 7 Hz cut-off [30,31] to determine the

running speed during ground contact of the respective RSP

using a custom Matlab script.

2.5. Data analysis
We calculated overall leg stiffness (kleg) as the quotient of peak

vertical GRF (Fpeak) and peak leg spring compression (DL)

during ground contact (figure 1):

kleg ¼
Fpeak

DL
: ð2:1Þ

Peak leg spring compression (DL) was calculated using initial

leg length (L0), the distance from the greater trochanter to the

distal end of the unloaded RSP [6,11,24], theta (u), the angle of

the leg spring at initial ground contact relative to vertical

(figure 1), running speed (v) and ground contact time (tc):

u ¼ sin�1 v tc

2 L0

� �
: ð2:2Þ

Next, peak leg spring compression (DL) was determined

using peak vertical displacement of the CoM during ground con-

tact (Dy), calculated by twice integrating the vertical acceleration

of the CoM with respect to time [32]:

DL ¼ Dyþ L0ð1� cos uÞ: ð2:3Þ

Moreover, because biological legs and RSPs have relatively

linear force–displacement profiles [2,21], we modelled participant

leg stiffness (kleg) as two in-series linear springs (figure 1). We

incorporated established measurements of prosthetic stiffness

http://rsif.royalsocietypublishing.org/


Table 2. Average (+s.d.) recommended (Rec) prosthetic stiffness values (kN m21) for a 70 kg athlete across running speeds and prosthetic stiffness values
(kN m21) from +1 stiffness categories across speeds. We averaged prosthetic stiffness values at each category for each model, and then averaged stiffness
values across models for the respective recommended category (i.e. Rec, or +1). Prosthetic stiffness was related to running speed ( p , 0.001).

stiffness category

running speed (m s21)

3 4 5 6 7

21 22.6+ 1.7 23.4+ 2.2 24.3+ 3.1 25.2+ 4.2 26.0+ 5.3

Rec 25.3+ 1.6 26.0+ 2.1 26.8+ 3.0 27.4+ 3.8 28.4+ 5.0

þ1 27.5+ 2.1 28.4+ 2.5 29.4+ 3.2 30.3+ 4.1 31.5+ 5.4
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Figure 3. The average (+s.e.) stiffness of the overall leg (kleg), the prosthesis
(RSP; kRSP) and the residual limb (kres) across 3 through 7 m s21 and across all
prosthetic configurations. Across all conditions, simple linear regression
equations follow as: kleg ¼ 20.30 Speed þ 16.4, R2 ¼ 0.05, p , 0.001;
kres ¼ 24.0 Speed þ 56.0, R2 ¼ 0.16, p , 0.001; kRSP (kN m21) ¼ 0.82
Speed þ 22.9, R2 ¼ 0.07, p , 0.001. Error bars indicate inter-subject
variability and may be hidden behind the symbols.
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(kRSP) [21], and current measurements of leg stiffness to determine

residual limb stiffness (kres) using the following equation:

1

kleg
¼ 1

kres
þ 1

kRSP
: ð2:4Þ

As aforementioned, running speed (v) is the product of step

length (Lstep) and step frequency (Fstep):

v ¼ Lstep � Fstep: ð2:5Þ

Steps lengthen by increasing the horizontal distance travelled

by the runner’s CoM during stance (contact length) (Lc), and

by producing greater stance average vertical GRFs (Favg) rela-

tive to bodyweight (BW) [14,15]. Therefore, step length can be

calculated using the following equation:

Lstep ¼ Lc �
Favg

BW
: ð2:6Þ

We used the above equation because it enables us to further

investigate the biomechanical variables that govern step length

(i.e. Lc and Favg/BW) and therefore running speed. Step fre-

quency is calculated from the reciprocal of the sum of ground

contact time (tc) and subsequent aerial time (ta) [14,15]:

Fstep ¼
1

tc þ ta
: ð2:7Þ

Thus, by combining equations (2.5), (2.6) and (2.7), running

speed (v) is calculated using the following equation:

v ¼ Lc �
Favg

BW
� 1

tc þ ta
: ð2:8Þ

For the complete derivation of the above equation, refer to

[14,15].
2.6. Statistical analyses
We used a linear mixed model to evaluate the influence of prosthe-

tic stiffness (kN m21), height and running speed (3–9 m s21) on

the biomechanical variables that comprise the spring–mass

model and running speed (variables from equations (2.1) through

(2.8)). We report the fixed effect (b) from each statistically signifi-

cant association (dependent variable ¼ b independent variable þ
constant). We tested for all potential stiffness/speed and height/

speed interactions. Additionally, prosthetic stiffness depends on

the magnitude and orientation of the applied force [21], thus we

performed a one-way ANOVA to determine whether running

speed statistically influenced prosthetic stiffness. We set the level

of significance at p ¼ 0.05 and performed statistical analyses

using R-studio (Boston, MA, USA).
3. Results
Owing to the difficulties of determining running speed during

the acceleration phase, some trials contained fewer than 20

steps at the desired speed. Consequently, we used the motion

capture data to determine instantaneous running speed and

only analysed steps that were taken at the desired speed. We

excluded data from the last two steps of each trial to remove

any potential biomechanical alterations that occurred while

participants prepared to dismount the treadmill. We also

excluded data from trials that had fewer than four consecutive

steps at the desired speed. Additionally, due to saturation in

the force signal, we removed 16 trials from the analysis. None-

theless, we analysed 73 trials at speeds of 3, 5 and 6 m s21, 74

trials at 4 m s21, 72 trials at 7 m s21, 65 trials at 8 m s21 and

37 trials at 9 m s21.
3.1. Prosthetic stiffness
Prosthetic stiffness increased with faster running speeds ( p ,

0.001) (table 2). From 3 to 7 m s21, overall prosthetic stiffness

averaged (+s.d.) 25.4+3.0, 26.1+3.4, 27.1+4.0, 28.0+4.8

and 28.6+5.6 kN m21 at each successive speed (figure 3).

Unless otherwise specified, all results were interpreted while

http://rsif.royalsocietypublishing.org/
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Figure 4. (a) Contact length (Lc), (b) stance average vertical GRF, (c) contact time (tc) and (d ) step frequency, while using RSPs averaged from three different models
at one stiffness category below recommended (21 Cat), at recommended (Rec Cat) and at one stiffness category greater than recommended (þ1 Cat) across
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(v) and stiffness category recommendation. Biomechanical data are derived from statistical linear mixed models. The linear mixed model regression equations
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0.007 kRSP þ 0.001 v . kRSP þ 0.446; (d ) step frequency ¼ 0.315 v þ 0.042 kRSP 2 0.005 v . kRSP þ 1.258.
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controlling for covariates (e.g. interpreting the effect of prosthe-

tic stiffness on biomechanics while controlling for prosthetic

height, running speed and interactions between prosthe-

tic height and running speed). For every 1 kN m21 increase in

prosthetic stiffness, overall leg stiffness increased 0.21 kN m21

(p , 0.001), residual limb stiffness decreased 2.09 kN m21

( p , 0.001) (figure 3), contact length decreased 1.7 cm ( p ,

0.001) and step frequency increased 0.042 Hz ( p , 0.001)

(figure 4). Regarding the other spring–mass model variables,

for every 1 kN m21 increase in prosthetic stiffness, u increased

0.004 rad ( p ¼ 0.012), Dy decreased 0.19 cm ( p , 0.001)

(figure 5), peak vertical GRF increased 0.03 times BW ( p ,

0.001) and DL decreased 0.07 cm ( p , 0.001). Concerning the

rest of the biomechanics that govern running speed, for every

1 kN m21 increase in prosthetic stiffness, stance average vertical

GRF increased 0.03 times BW ( p , 0.001) and contact time

decreased 0.007 s ( p , 0.001) (figure 5).
3.2. Prosthetic height
Increasing prosthetic height by 2 cm resulted in no significant

changes in overall leg stiffness ( p ¼ 0.756) or residual limb

stiffness ( p ¼ 0.668), but did correlate with a 2.3 cm increased

contact length ( p , 0.001) and 0.021 Hz decreased step

frequency ( p ¼ 0.009). For every 2 cm increase in prosthetic

height, u decreased 0.012 rad ( p , 0.001), Dy increased

0.16 cm ( p , 0.001) and peak vertical GRF decreased by

0.02 times BW ( p ¼ 0.047). Furthermore, for every 2 cm

increase in prosthetic height, stance average vertical GRF
decreased 0.25 times BW ( p , 0.001) and contact time

increased 0.003 s ( p , 0.001). Prosthetic height did not

influence DL ( p ¼ 0.130).
3.3. Running speed
Each participant was able to achieve a running speed of

9 m s21 with at least one prosthetic configuration. For every

1 m s21 increase in running speed, overall leg stiffness

decreased 0.58 kN m21 ( p , 0.001), residual limb stiffness

decreased 9.42 kN m21 ( p , 0.001) (figure 3), contact length

increased 7.8 cm ( p , 0.001) and step frequency increased

0.32 Hz ( p , 0.001) (figures 4 and 7). For every 1 m s21 increase

in running speed, u increased 0.055 rad ( p , 0.001), Dy
decreased 1.15 cm ( p , 0.001), peak vertical GRF increased 0.01

times BW ( p , 0.001) and DL increased 1.00 cm ( p , 0.001)

(figure 5). Moreover, for every 1 m s21 increase in running

speed, stance average vertical GRF increased 0.12 times BW

( p , 0.001), and contact time decreased 0.038 s ( p , 0.001)

(figure 4). Independently, running speed did not change peak

vertical GRF magnitude ( p ¼ 0.743).
3.4. Prosthetic stiffness/height and speed interaction
effects

At faster running speeds, the influence of prosthetic stiffness on

residual limb stiffness (b ¼ 0.23; p ¼ 0.020), contact length (b ¼

0.13; p ¼ 0.019) and step frequency (b ¼ 20.005; p ¼ 0.004)

(figure 5) was all diminished. Furthermore, for every 1 m s21
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increase in running speed, the effect of increasing prosthetic

stiffness 1 kN m21 was associated with a 0.001 rad decreased

u ( p ¼ 0.001) (figure 4), and 0.03 cm increased Dy ( p , 0.001).

For every 1 m s21 increase in running speed, every 1 kN m21

increase in prosthetic stiffness was related with a 0.003 times

body weight decreased stance average vertical GRF ( p ,

0.001), and a 0.001 s increase in contact time ( p , 0.001)
(figure 5). No other prosthetic stiffness/height and speed

interactions achieved statistical significance ( p . 0.05).
4. Discussion
The purpose of this study was to quantify how altered prosthe-

tic stiffness, height and running speed affect the biomechanics

of athletes with bilateral transtibial amputations. We accepted

our initial hypothesis that the use of stiffer RSPs would result

in increased overall leg stiffness and step frequency (figures 3

and 4). This extends the previous research, which concluded

that at a single, slow running speed, athletes with bilateral

transtibial amputations increase overall leg stiffness and step

frequency with the use of stiffer RSPs [11]. However, the pre-

vious study’s athletes demonstrated an extremely weak

positive correlation between prosthetic stiffness and residual

limb stiffness [11], contrasting this study’s finding of an inverse

relationship between prosthetic stiffness and residual limb stiff-

ness (figure 3). This study’s finding corresponds with the

established observation that non-amputees inversely alter

overall leg stiffness with changed in-series surface stiffness

to maintain nearly constant leg stiffness during running

[33–35]. Furthermore, we report an inverse relationship

between leg stiffness and running speed, despite a positive

association between prosthetic stiffness and running speed

(figure 3). This occurs because leg stiffness only increases

0.21 kN m21 with each integer increase in prosthetic stiffness,

whereas it decreases 0.58 kN m21 with every 1 m s21 increase

in running speed. For example, the 3.2 kN m21 average

increase in prosthetic stiffness from 3 to 7 m s21, coupled

with the influence of faster running speed yields a

1.65 kN m21 reduction in leg stiffness (figure 3).

The leg joint mechanics that govern overall leg spring be-

haviour may differ between athletes with and without

transtibial amputations. A previous study indicated that the

affected leg knee joints of athletes with unilateral transtibial

amputations do not act like sagittal plane torsional springs

during running [12], which is dissimilar to that of non-ampu-

tees [36,37] whose knee joint mechanics greatly influence leg

stiffness [38]. We confirmed that at each speed, the overall leg

mechanics of athletes with bilateral transtibial amputations

follow the main assumptions of the spring–mass model

[1–6], where the vertical GRFs and displacement of the runner’s

CoM gradually increase then decrease with both maximums

occurring at approximately 50% of the stance phase (figure 6).

Future analyses of residual limb joint mechanics (hip, knee,

residual limb/socket interface, etc.) are necessary to determine

if leg joints and the limb–socket interface of athletes with bilat-

eral transtibial amputations perform like springs (linear and

torsional springs) during running and how they contribute to

the spring-like behaviour of the overall leg.

We rejected our second hypothesis that prosthetic height

would be independent of the biomechanical variables that

comprise the spring–mass model and govern running speed.

Notably, increased prosthetic height was associated with

longer contact lengths, ground contact times and step lengths.

Intuitively, athletes with longer legs take longer steps during

running, yet non-amputees exhibit a very weak association

between leg length and step length during running [39].

Thus, leg length may have a stronger influence on step

length in athletes with bilateral transtibial amputations

compared with non-amputees.
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Regarding distance running performance, the metabolic

cost of running for athletes with bilateral transtibial amputa-

tions is independent of prosthetic height, but is reduced

with lower leg stiffness, step frequency and peak braking
horizontal GRFs [11]. In this study, increased prosthetic

height was independent of leg stiffness, but it did reduce

step frequency. Perhaps taller RSPs increase lower-limb

mass and/or inertia, counteracting the potentially beneficial

effects of running with slower step frequencies [40,41].

Moreover, many surmise that increased prosthetic height

augments sprinting performance for athletes with bilateral

transtibial amputations [19,20]. Overall sprinting perform-

ance is beyond the scope of this study. Nonetheless,

increased prosthetic height resulted in diminished stance

average vertical GRFs and prolonged ground contact dur-

ations, both of which suggest slower running speeds

[14,15]. Assuming that leg segment geometry is unchanged,

perhaps the vertical GRF impairment with taller RSPs is

related to worse hip and knee joint effective mechanical

advantages [15,42]. Alternatively, achieving the same run-

ning speed with lower stance average vertical GRFs may be

beneficial for sprinting performance. Thus, future research

is warranted to better understand leg segment geometry

and the effective mechanical advantage of the leg joints

with changes in prosthetic height.

The influence of prosthetic stiffness on biomechanics was

mitigated at faster running speeds (figures 4 and 5), leading

us to accept our third hypothesis. The stiffness of a system

encompassing two in-series springs is primarily influenced

by the softer spring (equation (2.4)). Because the residual

limb stiffness of athletes with bilateral transtibial amputations

is roughly twice that of the RSP at 3 m s21, and approxi-

mately equal to that of the RSP at 7 m s21, prosthetic

stiffness has a greater influence on running biomechanics at

slower speeds than at faster speeds (figure 3).

It has yet to be established whether athletes with and with-

out bilateral transtibial amputations take similar step lengths at

matched running speeds. In this study, from 3 to 5 m s21, par-

ticipants exhibited greater overall leg stiffness [5], decreased

contact lengths and durations, and lower stance average verti-

cal GRFs, leading to 7–11% shorter steps compared with non-

amputees [39,43]. From 5 to 8 m s21, the leg stiffness values of

athletes with and without transtibial amputations converge as

running speed increases [2,4,44] (figure 3), leading to similar

leg stiffness, contact length/duration and step length values

between groups. At speeds faster than 8 m s21, step length

comparisons made in previous studies between one athlete

with bilateral transtibial amputations and non-amputees

are conflicting. Initially, Brüggemann et al. [18] reported no

difference in step length between an athlete with bilateral

http://rsif.royalsocietypublishing.org/
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transtibial amputations and performance matched non-ampu-

tees at approximately 9 m s21 during over ground running

(2.26 m for the athlete with bilateral transtibial amputations).

Alternatively, Weyand et al. [16] reported that the same athlete

(during a subsequent test) took shorter steps at 10 m s21 versus

a different non-amputee control group during treadmill run-

ning (2.03 versus 2.37 m, respectively). The athletes in this

study took step lengths that averaged 2.24 m at 9 m s21,

consistent with Brüggemann et al.’s report [18] (figure 7).

Yet, different athletes and testing procedures may confound

inter-study comparisons [16,18].

Regardless, because prosthetic stiffness and height affect

step length for athletes with bilateral transtibial amputations,

there is likely a prosthetic configuration that yields similar

step lengths for athletes with and without amputations at

each speed. Furthermore, during some sets of running trials,

participants increased running speed beyond 7 m s21 by

using shorter and more rapid steps. This adaptation may

explain the shorter step lengths measured by Weyand et al.
[16] at 10 m s21 versus that of Brüggemann et al. [18] at

9 m s21. Altogether, athletes with bilateral transtibial amputa-

tions generally increase both step length and step frequency to

achieve faster running speeds (figure 7), but they can also

increase running speed by decreasing step length and rapidly

increasing step frequency.

We excluded the analysis of prosthetic model on running

biomechanics because models, like running shoe models, are

continually changing. Still, many differences exist between

prosthetic models (figure 2), including but not limited to geo-

metry (figure 2), stiffness [21], socket attachment (figure 2),

hysteresis [21], mass [11,22] and moment of inertia [45].

Thus, a detailed analysis and simulation of RSP design on

the running biomechanics of athletes with bilateral transtibial

amputations may be insightful to further optimize RSPs.

A limitation of this study includes the use of different

prosthetic sockets with C- versus J-shaped RSPs. This may

have led to altered residual limb movement within the

socket, potentially leading to altered running biomechanics.

Participant fatigue may have limited our protocol. To miti-

gate fatigue, we limited the performed sets of running trials

for each respective session to 0 (rest), 1, 2 or 3 sets, depending
on athlete feedback. Owing to our efforts in minimizing fati-

gue plus the randomization of prosthetic configuration, we

believe that participant fatigue had a negligible influence

on the RSP configuration results. Yet, potential fatigue may

have influenced the running speed results because of the sys-

tematic trial order. Furthermore, our relatively small sample

size may have led us to falsely accept null hypotheses.
5. Conclusion
Athletes with bilateral transtibial amputations change their run-

ning biomechanics when using RSPs that differ in stiffness,

height and while running at different speeds. Namely, the use

of stiffer RSPs increased leg stiffness, step frequency, peak and

stance average vertical GRF production, and decreased ground

contact time. The use of taller RSPs increased step length.

Running speed was inverselyassociated with leg stiffness. More-

over, faster running speeds mitigate the effect of prosthetic

stiffness, but not height, on running biomechanics. Therefore,

prosthetic stiffness, but not height, likely has a greater influence

on distance running performance than on sprinting performance

for athletes with bilateral transtibial amputations.
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