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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 45 of 48 participants (94%) by month 33 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 55 of 64 (86%) with Y4 Q2 still ahead of us.  We have about 15 
participants in pre-screening, of which we anticipate randomizing 9 by March 30, 2018.  These last 9 
participants to be enrolled will bring us to 100% of our enrollment goals (55 + 9 = 64).  We recognize 
that to achieve 100% enrollment we are 6 months behind the projected dates, but we believe these last 
nine participants can be completed during Q3, Year 4 (by 6/30/2018) of the study. 
 
Major Task 3:  Review/complete data forms, data edits and entry 
Response:  We have completed 75% 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 27 participants to date and about 
50% of all data entry for the 55 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:  
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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);  

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 presented this data at the International Spinal Cord Society (ISCOS) 2017 annual 
meeting in Dublin, Ireland on October 26, 2017. 
 
Subtask 4: Analyze preliminary data for secondary outcomes (months 24 to 40) 
The Secondary Aims are to affect the following by three months of exoskeletal-assisted walking 
(WALK): 

1. To improve bowel function as measured by established survey instruments; and 
2. To reduce total body fat mass and percent as measured by DXA. 

Response:  Bowel function was reported in 22 participants at the ISCOS 2017 annual meeting.  Fat and 
lean masses were reported in 22 participants at the ISCOS 2017 annual meeting.  Please see attached slide 
presentation for data on both variables (Appendix 1). 
 
Subtask 5: Analyze preliminary data for exploratory outcomes (months 24 to 40) 
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Response:  We have analyzed some preliminary data on vagal tone on 22 participants. With exercise 
training we anticipate improvements in cardiac vagal tone, which can be estimated non-invasively using 
the high frequency (HFln) component of heart rate variability (HRV).  Data collection has been 
completed in 20 subjects at pre- mid- and post-EAW training.  We examined the relationship between 
change (from pre- to post-EAW training) in HFln and the total number of steps taken over the course of 
the EAW training (Figure 1) and the average number of steps taken per training session (Figure 2).  
These preliminary data do not support an advantageous role of EAW training on cardiac vagal tone in the 
small cohort of subjects with SCI who have completed testing.  Data collection is ongoing and we 
anticipate increases in 24-hour HFln following EAW training in persons with SCI which may be 
dependent on the total number of steps and compliance to the study protocol. 

 
Figure 1 displays the relationship between the number of steps taken over the course of the 
EAW training and the change in the 24-hour high frequency (HFln) component of heart 
rate variability (HRV) [r2=0.01846; p=ns].   Figure 2 displays the relationship between the 
number of steps taken per study visit (steps/day) and the change in the 24-hour HFln 
component of HRV [r2=0.03656; p=ns]. 

Response:  High density lipoprotein cholesterol (HDL-c) was analyzed in 21 participants.  Please see the 
ISCOS 2017 slide presentation for the HDL-c results (Appendix 1). 
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Figure 2
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What was accomplished under these goals?  Please see written “responses” above after each goal and the 
following Statement of Work (Table 1), Projected and Actual Enrollment (Table 2) and Detailed 
Screening, Randomization, and Reasons for Screen Failures and Withdrawals (Table 3). 
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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) 2017 annual meeting 
in Denver, CO. 

 
 
How were the results disseminated to communities of interest?  
Response:  We have presented at three scientific annual conferences: 
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1. ASCIP 2017 Platform Presentation, Title: Patient-reported bladder management improvements 
after exoskeletal-assisted walking. Presenter:  EunKyoung Hong, PhD. 

2. ASCIP 2017 Poster Presentation, Title:  Increased serum high density lipoprotein after 36 
exoskeletal-assisted walking sessions. Presenter:  Steven Knezevic, MS. 

3. ISCOS 2017 Workshop Presentation, Title:  Exoskeletal-Assisted Walking in Acute Inpatient and 
Chronic Outpatient Spinal Cord Injury Rehabilitation.  Presenter:  Ann M. Spungen, EdD 

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

Continue with enrollment of the remaining 9 participants. 
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 2017 Platform Presentation, Title: Patient-reported bladder management improvements 
after exoskeletal-assisted walking. Presenter:  EunKyoung Hong, PhD. 

2. ASCIP 2017 Poster Presentation, Title:  Increased serum high density lipoprotein after 36 
exoskeletal-assisted walking sessions. Presenter:  Steven Knezevic, MS. 
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3. ISCOS 2017 Workshop Presentation, Title:  Exoskeletal-Assisted Walking in Acute Inpatient and 
Chronic Outpatient Spinal Cord Injury Rehabilitation.  Presenter:  Ann M. Spungen, EdD 

 
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:  
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9. APPENDICES:   
Appendix 1.  Slide Presentation from ISCOS 2017 
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Appendix 2.  ASCIP 2017 Accepted Abstract Presentations 
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Appendix 2.  ASCIP 2017 Accepted Abstract Presentations 
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Appendix 2.  ISCOS 2017 Accepted Abstract Presentations 
 

 


