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1. INTRODUCTION:

The primary objectives of this proposal are to achieve successful walking skills in the exoskeletal-

assisted walking devices for an extended period of time and at specific velocities and distances over the 

course of 36 sessions in three months in people with chronic SCI who are wheelchair users for 

community mobility.   The secondary objectives are to determine if 36 sessions in three months of 

walking is effective in improving bowel function and body composition.  The exploratory objectives are 

to address additional questions concerning the retention or non-retention of positive changes, the effects 

of the increased physical activity from exoskeletal-assisted walking on vagal tone, orthostatic tolerance, 

lipid profile, total testosterone, estradiol levels, and quality of life (QOL). 

2. KEYWORDS:

Powered exoskeletons, paraplegia, tetraplegia, high density lipoprotein, lipid profile, orthostatic 

tolerance, total testosterone, estradiol, quality of life, ReWalk, and Ekso 

3. ACCOMPLISHMENTS:

What were the major goals of the project?  

On September 30, 2017 month 36 of the study was completed.  The goals for these 36 months are as 

follows: 

Major Task 2:  Study recruitment and enrollment.   

Subtask 4: Randomize the next 8/6/4 participants at each respective Site (Randomize a total of 48 

between study months 25 to 33).   

Response:  We have randomized 48 of 48 participants (100%) by month 35 of the study.   

Subtask 5: Randomize the next 8/6/4 participants at each respective Site (Randomize a total of 64 

participants between study months 34 to 42).   

Response:  We have randomized 64 of 64 (100%) by month 45 of the study. 

Major Task 3:  Review/complete data forms, data edits and entry 

Response:  We have completed 85% of the review of the data entry for missing values and errors.  This 

is an ongoing process.  We have completed 100% of the data entry for 35 participants to date and about 

75% of all data entry for the 76 participants that have been randomized to date 

Major Task 4: Review and analyze data 

Subtask 2: Analyze preliminary data for primary outcomes (months 24 to 38) 

The Primary Aims consist of the following:   

1. By session 12 (first month of WALK training), the participants will be able to perform the

following exoskeletal-assisted walking tests with or without minimal assistance:

Response:  In 27 participants who have been completed to date the following percentages for

each aims were achieved.

a. 10m WT

i. 90% in ≤60 seconds (≥0.17 m/s);
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Response:  89% (24 of 27) have achieved this goal. 

ii. 10% in ≤40 seconds (≥0.25 m/s); 

Response:  56% (15 of 27) have achieved this goal. 

b. 6min WT  

i. 80% at a distance ≥50 m (≥0.14 m/s);  

Response:  93% (25 of 27) have achieved this goal. 

ii. 20% at a distance ≥80 m (≥0.22 m/s);  

Response:  63% (17 of 27) have achieved this goal. 

c. TUG  

i. 80% in ≤120 seconds);  

Response:  93% (25 of 27) have achieved this goal. 

ii. 20% in ≤90 seconds);  

Response:  67% (18 of 27) have achieved this goal. 

 

2. By session 36 (three months of WALK training), participants will have improved their ability to 

walk faster and longer distances and will be able to perform exoskeletal-assisted walking tests 

with or without minimal assistance as follows: 

a. 10m WT - 70% in ≤40 seconds (≥0.25 m/s);  

Response:  74% (20 of 27) have achieved this goal. 

b. 6min WT - 70% at a distance ≥80 m (≥0.22 m/s);  

Response:  78% (21 of 27) have achieved this goal. 

c. TUG - 60% in ≤90 seconds; 

Response:   85% (23 of 27) have achieved this goal. 

 

Subtask 3:  Submit abstracts with preliminary data for primary outcomes for national meetings (months 

24 to 38).   

Response:  Dr. Spungen, Dr. Hong, and Mr. Knezevic presented at multiple conferences this past year as 

listed in Appendix 1 & 2. 

 

Subtask 5: Analyze preliminary data for exploratory outcomes (months 24 to 40) 

Response:  High density lipoprotein cholesterol (HDL-c) was analyzed in 21 additional participants as 

well as mobility skills in 29 participants.  Please see the ASCIP 2018 Knezevic abstract for the HDL-c 

results (Appendix 1). 
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What opportunities for training and professional development has the project provided?  

This project was not intended to provide a training opportunity.  However the PI, Dr. Spungen has used 

this opportunity to provide professional development for two of her staff:  1) Mr. Steve Knezevic 

(Doctoral candidate, Rutgers University and Research coordinator for this study) and 2) Dr. Eun-

Kyoung Hong (Post-doctoral fellow in Dr. Spungen’s lab and the database manager for this study).  Dr. 

Spungen has worked one-on-one with both individuals for analyzing, interpreting, writing, and 

presenting the data at the Academy of Spinal Cord Injury Professionals (ASCIP) 2018 annual meeting 

in Denver, CO. 

 

 

How were the results disseminated to communities of interest?  
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Response:  We have presented at multiple scientific conferences: 

1. ASCIP 2018 Platform Presentation, Title: HDL-c changes after 50,000 steps in a powered 

exoskeleton. Presenter: Steven Knezevic, MS (Appendix 1&2). 

2. ASCIP 2018 Poster Presentation, Title:  FDA exoskeletal-assisted walking velocity:  Who can get 

there? Presenter: EunKyoung Hong, PhD (Appendix 2). 

3. Dr. Spungen’ s lectures (Appendix 2).  

 

What do you plan to do during the next reporting period to accomplish the goals?  

Response:   

Complete database entry, edits, and analyses 

Prepare manuscripts 

 

4. IMPACT:   

 

Nothing to Report  

What was the impact on the development of the principal discipline(s) of the project?  Nothing to 

Report 

What was the impact on other disciplines? Nothing to Report 

What was the impact on technology transfer? Nothing to Report 

What was the impact on society beyond science and technology? Nothing to Report 

 

5. CHANGES/PROBLEMS:   

 

 Nothing to Report 

Changes in approach and reasons for change  Nothing to Report 

Actual or anticipated problems or delays and actions or plans to resolve them Nothing to Report 

Changes that had a significant impact on expenditures  Nothing to Report 

Significant changes in use or care of human subjects, vertebrate animals, biohazards, and/or 

select agents  Nothing to Report 

Significant changes in use or care of human subjects Nothing to Report 

Significant changes in use or care of vertebrate animals Nothing to Report 

Significant changes in use of biohazards and/or select agents Nothing to Report 

 

6. PRODUCTS:  

 

Publications, conference papers, and presentations 

   Response:   

1. ASCIP 2018 Platform Presentation, Title: HDL-c changes after 50,000 steps in a powered 

exoskeleton. Presenter: Steven Knezevic, MS (Appendix 1&2). 

2. ASCIP 2018 Poster Presentation, Title:  FDA exoskeletal-assisted walking velocity:  Who can get 

there? Presenter: EunKyoung Hong, PhD (Appendix 2). 

3. Dr. Spungen’ s lectures (Appendix 2).  
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Journal publications.  Nothing to Report 

Books or other non-periodical, one-time publications. Nothing to Report 

Other publications, conference papers, and presentations. Nothing to Report 

Website(s) or other Internet site(s).  Nothing to Report 

Technologies or techniques.  Nothing to Report 

Inventions, patent applications, and/or licenses. Nothing to Report 

Other Products.  Nothing to Report 
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7. PARTICIPANTS & OTHER COLLABORATING ORGANIZATIONS                                     

Individuals that have worked on the project
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Has there been a change in the active other support of the PD/PI(s) or senior/key personnel since 

the last reporting period?  Nothing to Report 

 

What other organizations were involved as partners? Nothing to Report 
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Organization Name: Nothing to Report 

Location of Organization: Nothing to Report 

Partner's contribution to the project Nothing to Report 

Financial support; Nothing to Report 

In-kind support Nothing to Report 

Facilities  Nothing to Report 

Collaboration Nothing to Report 

Personnel exchanges  Nothing to Report 

Other Nothing to Report 

 

8. SPECIAL REPORTING REQUIREMENTS  

COLLABORATIVE AWARDS:  N/A 

QUAD CHART:  

 

 

 

 

 



Page 16 of 23 
 

 

9. APPENDICES:   

Appendix 1.  Steven Knezevic’s slide Presentation from ASCIP 2018
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Appendix 2.  ASCIP 2018 Accepted Abstract Presentations 

HDL-c changes after 50,000 steps in a powered exoskeleton. 

Steven Knezevic, MS1; EunKyoung Hong, PhD1; Pierre Asselin, MS1; Christopher M. Cirnigliaro, MS, 

CEP, CBDT1; Stephen Kornfeld, DO2; Peter H. Gorman, MD3; Gail F Forrest, PhD4; William A. 

Bauman, MD1,2,4,5; Ann M. Spungen, EdD1,5 

1Spinal Cord Damage Research Center, James J. Peters VA Medical Center, Bronx, NY; 2Spinal Cord 

Injury Service, James J. Peters VA Medical Center, Bronx, NY; 3University of Maryland School of 

Medicine, University of Maryland Rehabilitation and Orthopedic Institute, Baltimore, MD; 4Kessler 

Foundation, West Orange, NJ; 5Departments of Medicine and Rehabilitation Medicine, Icahn School of 

Medicine at Mount Sinai, New York, NY 

Background: Serum high density lipoprotein cholesterol (HDL-c) levels below 40 mg/dL (an 

independent risk factor for cardiovascular disease) have been reported in 64% of persons with tetraplegia 

and 60%, with paraplegia. As a result of this lipoprotein abnormality, as well as other risk factors, persons 

with spinal cord injury (SCI) have an increased risk for the development of cardiovascular disease (CVD), 

which is one of the leading causes of death in the SCI population. Increased physical activity is an 

important factor to increase serum HDL-c levels. Previously, we reported HDL-c levels in 15 participants 

after 36 sessions of exoskeletal-assisted walking (EAW). We now report on 11 additional (N=21) 

participants after 36 sessions of EAW.  

Design: Prospective, three-site (ongoing) interventional study in participants with chronic SCI.  

Methods: Twenty-one participants with chronic SCI have completed the study to date. Participants 

trained in the exoskeleton for 36, one-hour sessions over a 3 month period. Fasting blood samples were 

collected to determine serum HDL-c levels before and after completion of the training sessions. Serum 

samples were sent to Quest Diagnostics Laboratory for analysis using an automatic assay analyzer. The 

absolute change of the serum HDL-c value in a given participant was used to determine a clinically 

significant change. The minimal significant change accepted for clinical significance was ≥2.0 mg/dL. 

Results: Eleven of 21 (>50%) participants had an increase in serum HDL-c of ≥2.0 mg/dL after the EAW 

intervention (mean±SD = 7±4 mg/dL). Additionally, participants who completed ≥50,000 total steps, 64% 

(7 of 11) versus 36% (4 of 11) demonstrated a clinically significant change in serum HDL-c levels. In 

those who completed ≥50,000 total steps, HDL-c improved by an average of 3.5±6.0 mg/dL (range: 2.0 to 

14.0 mg/dL) and had slightly more number of steps per session than those who did not have a clinically 

significant change (1,475±541 vs. 1,230±575 steps, p=0.26). No significant changes were noted in the 

serum triglycerides or low density lipoprotein cholesterol.  

Conclusion: In the majority of persons with chronic SCI, EAW of at least 50,000 steps performed in 3 

sessions a week, for 12 weeks, resulted in favorable changes in the serum HDL-c. The observed increase 

in serum HDL-c would be anticipated to reduce the risk for the development of CVD.  

Support: DOD/CDMRP Award: W81XWH-14-2-0170. VA RR&D National Center for the Medical 

Consequences of Spinal Cord Injury (B9212-C, B2020-C), James J. Peters VA Medical Center. 

References: 

• La Fountaine, M. F., Cirnigliaro, C. M., Emmons, R. R., Kirshblum, S. C., Galea, M., Spungen,

A. M., & Bauman, W. A. (2015). Lipoprotein heterogeneity in persons with Spinal Cord Injury: a

model of prolonged sitting and restricted physical activity. Lipids in health and disease, 14(1), 81.

• Gilbert, O., Croffoot, J. R., Taylor, A. J., Nash, M., Schomer, K., & Groah, S. (2014). Serum lipid

concentrations among persons with spinal cord injury–A systematic review and meta-analysis of

the literature. Atherosclerosis, 232(2), 305-312.

• Nooijen, C. F., Stam, H. J., Sluis, T., Valent, L., Twisk, J., & van den Berg-Emons, R. J. (2017).

A behavioral intervention promoting physical activity in people with subacute spinal cord injury:

secondary effects on health, social participation and quality of life. Clinical rehabilitation, 31(6),

772-780.
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• Gorgey, A. S., Dolbow, D. R., Dolbow, J. D., Khalil, R. K., Castillo, C., & Gater, D. R. (2014).

Effects of spinal cord injury on body composition and metabolic profile–Part I. The journal of

spinal cord medicine, 37(6), 693-702.

• Harnish, C. R., Sabo, R. T., Daniels, J. A., & Caruso, D. (2017). The Effects of Two Weeks of

Arm Crank Sprint Interval Training in Men with Chronic Spinal Cord Injury. Int J Sports Exerc

Med, 3, 059.

• Bauman, W. A., et al. "Depressed serum high density lipoprotein cholesterol levels in veterans

with spinal cord injury." Spinal Cord 30.10 (1992): 697-703.

• Bauman, W. A., and A. M. Spungen. "Coronary heart disease in individuals with spinal cord

injury: assessment of risk factors." Spinal Cord 46.7 (2008): 466-476.

• Brenes, Gilbert, et al. "High density lipoprotein cholesterol concentrations in physically active

and sedentary spinal cord injured patients." Archives of physical medicine and rehabilitation 67.7

(1986): 445-450.

Learning Objectives: To identify the effect of exoskeletal-assisted walking on the lipoprotein profile in 

persons with chronic SCI.  
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Appendix 2.  ASCIP 2018 Accepted Abstract Presentations 

FDA exoskeletal-assisted walking velocity:  Who can get there? 

EunKyoung Hong, PhD1,2; Steven Knezevic, MS1; Pierre Asselin, MS1-3; Stephen Kornfeld, DO1-3; Peter H. 

Gorman, MD4; Gail Forrest, PhD5; and Ann M. Spungen, EdD1,2,6

1Spinal Cord Damage Research Center, James J. Peters VA Medical Center, Bronx, NY; 2Department of Rehabilitation Medicine, 

Icahn School of Medicine at Mount Sinai, New York, NY;  3Spinal Cord Injury Service, James J. Peters VA Medical Center, Bronx, 

NY; 4University of Maryland School of Medicine, University of Maryland Rehabilitation and Orthopedic Institute, Baltimore, MD; 
5Kessler Foundation, West Orange, NJ; 6Departments of Medicine, Icahn School of Medicine at Mount Sinai, New York, NY 

Background: In the VA Spinal Cord Injury Services and some non-VA rehabilitation hospitals, clinical 

exoskeletal-assisted walking (EAW) programs are offered. As the rate of exoskeleton device usage 

increases, the staffing needs in the clinical setting are unknown.  The number of sessions to achieve a 

minimal velocity for ambulation or the FDA criteria for personal use prescription in the home and 

community with these devices is also unknown.  The purpose of this study was to determine the 

proportion of participants who achieved successful EAW velocities at 12, 24 and 36 sessions.  Design: A 

three-site, multi-center, interventional study is on-going in participants ≥6 months post SCI.  Methods: 

To date, 29 participants completed 36 sessions of EAW training, three sessions per week (4-6 h/week) in 

a 12-week period.  EAW assessments for the 10 meter walk test (seconds) (10MWT), 6-minute walk test 

(meters) (6minWT), and the timed-up-and-go (seconds) (TUG) are reported at 12 and 36 sessions.  A 

nominal velocity of 0.25m/s was chosen by the investigators as a minimal efficiency for ambulation.  For 

personal use prescription, the FDA requires 0.40 m/s.  Results: The mean age and duration of injury of 

all participants were 40±14 years and 4±4 years, respectively.  By 12 sessions: for the 10MWT, 16 of 29 

(55%) participants walked faster than minimal and 5 (17%) qualified for the FDA criteria; 66% (19) 

performed ≥80m on the 6minWT; 20 participants (69%) performed the TUG test in <90s.  By 36 sessions: 

22 (76%) and 8 (28%) participants met the minimal efficiency and FDA criteria, respectively; for the 

6minWT, 23 (79%) walked ≥80m; and for the TUG 20 (69%) performed in <90s.  Conclusion:  More than 

one-half of the participants achieved the minimal velocity for ambulation and less than one-fifth, the 

FDA criteria by 12 sessions, with only slight increases in the proportion of participants to achieve these 

same goals at 36 sessions.  Depending on the goals of a clinical EAW program, it may not be practical for 

clinicians to provide 36 sessions of EAW training.  An EAW basic mobility skills screening test should be 

developed to identify those participants most likely to achieve FDA skill criteria in a reasonable number 

of sessions. 

Support: Department of Defense/CDMRP SC130234 Award: W81XWH-14-2-0170 and National Center 

for the Medical Consequences of SCI (B9212-C, B2020-C) at the James J. Peters Veterans Affairs Medical 

Center.  
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Appendix 2. Dr. Spungen’ s Invited Lectures/Presentations 10/9/17 – 10/28/18. 




