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Objectives:

• Participants will describe the impact of intensive therapy after SCI to 
promote lifelong recovery and health. 

• Participants will describe the key areas of return on investment 
associated with intensive therapy after SCI. 

• Participants will review case studies demonstrating the positive 
impact of utilizing intensive therapy to promote lifelong term health, 
wellness and independence after neurologic injury.

• Participants will review current literature focused on the use of 
intensive therapy after SCI and the impact on life care planning.

• Participants will discuss the future of technological advancements 
that may play a critical role in the evolution of neurorehabilitation 
over the next 5-10 years.
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ROI:  Lifetime Cost

Severity of Injury Estimated Lifetime
Cost if Injured at 25 
yo

High Tetraplegia (C1-
C4) AIS ABC

$4,724,181

Low Tetraplegia (C5-
C8) AIS ABC

$3,451,781

Paraplegia AIS ABC $2,310,104

Motor functional at 
Any Level D

$1,578,274
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Life Care Planning Projections

• 3 case studies modeled after what was published in the 
literature (Morrison et al 2012)

• Certified life care planner did not assist in developing 
this information

• 3 specific components of the LCP were chosen for this report

• Equipment Needs/Transportation

• Architectural renovation: VA guidelines 

• Personal Care



Sherown

Age: 31
Diagnosis: C4 AIS C SCI as a result 
of wrestling accident.
Goals:
• Play with kids
• Independent with ADLs
• Walk Independently
• Return to work



Discharge from Inpatient Rehabilitation

Task Score Assist

Grooming 3 Mod A

Bathing 3 Mod A

UE Dressing 3 Mod A

LB Dressing 2 Max A

Toileting 1 Total A

Bed/wheelchair 2 Max A

Toilet 2 Max A

Tub/shower 2 Max A

Walk 1 Total A

Stairs 1 Total A

Functional Independence Measure
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Pre-Intensive Therapy

Item
Freq of 
Replacement 
(yrs)

Cost

Hospital Bed 3-12.5 y $2000-2700

Air Mattress 1-6 y $250-800

Portable Lift 1-5 y $3,000

Manual w/c 5-7 y $2000-3500

Power w/c with 
tilt

5-7 y $20,000

Shower Chair 5-7 y $3000

w/c cushion 1-3 y $450-550

w/c parts 1 y $575-2000

Total
$362,893-
381,453

Equipment
Item Freq of 

Replacement 
(yrs)

Cost

Driving
Evaluation

1 x $1,000

Wheelchair 
Accessible Van

1 x $45,000

Van maintenance
& Adaptation

1y $28,500

Total $74,500

Transportation

Item Freq of 
Replacement 
(yrs)

Cost

Renovation 1 x $50,000

Total $50,000

Architectural Needs

Total: $487,393 – 505,953

Assumptions:
• Life Expectancy: 31y + 47.5y = 78.5y 
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Pre-Intensive Therapy

Item Hours/week & 
cost/hour

Cost

Personal Care 39.9 
hours/week at 
$13/hour $26972.4

Total *47.5y $1,281,189

Personal Care

Assumptions:
• Ave personal care hours for motor incomplete SCI: 39.9 hours/week  

(French et al 2007)

Equipment,
Architecture,
Transportation $487,393 $505,953 

Personal Care $1,281,189 $1,281,189

Total $1,768,582  1,787,142

Totals

French, D. D., Campbell, R. R., Sabharwal, S., Nelson, A. L., Palacios, P. A., & Gavin-Dreschnack, D. (2007). Health care costs for 

patients with chronic spinal cord injury in the Veterans Health Administration. The journal of spinal cord medicine, 30(5), 477-481.



10

Locomotor Training

Evaluation 55 min Treadmill 
Training BWS

30 min Community 
Mobility
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Upper Extremity Training

NMES to trunk 
and UEs

Task Specific Training 
with NMES

Community 
Integration



Intensive Therapy Outcomes

Functional Independence Measure

Inpatient D/C FIM FIM D/C NRN Assist Level

Grooming 3 6 Modified Indep

Bathing 3 3 Mod A

UE Dressing 2 6 Modified Indep

LB Dressing 2 6 Modified Indep

Toileting 2 3 Mod A

Bed/wheelchair 1 6 Modified Indep

Toilet 1 6 Modified Indep

Tub/shower 1 5 Supervision

walk 1 6 Modified Indep

Stairs 1 5 Supervision

120  PT and OT Sessions

80 PT and OT Sessions
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Outcome Measure Improvement

Outcome Assessment Initial Assessment Discharge Assessment

10 Meter Walk Test Non-Ambulatory 0.43 m/s

6 Minute Walk Test Non-Ambulatory 500 ft

Berg Balance Measure 3/56 42/56

Neuromuscular 
Recovery Scale

1B 2C
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Post Intensive Therapy

Item Freq of 
Replacement 
(yrs)

Cost

Hospital Bed 3-12.5 y NA

Air Mattress 1-6 y NA

Portable Lift 1-5 y NA

Manual w/c 5-7 y NA

Power w/c 5-7 y NA

Padded Bench 5-7 y $300

W/c cushion 1-3 y NA

w/c parts 1 y NA

Rollator 1y $150

Forearm 
Crutches

1y

$130

Total $13,420 - $24,072

Equipment
Item Freq of 

Replacement 
(yrs)

Cost

Driving
Evaluation

1 x $1,000

Wheelchair 
Accessible Van

1 x NA

Van maintenance
& Adaptation

1y NA

Total $1,000

Transportation

Item Freq of 
Replacement 
(yrs)

Cost

Renovation 1 x NA

Total NA

Architectural Needs

Total: $14,420 – $25,072 

Assumptions:
• Life Expectancy: 31y + 47.5y = 78.5y 
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Post Intensive Therapy

Item Hours/week & 
cost/hour

Cost

Personal Care 14 hours/week 
at $13/hour X 1 
year $6,760

Total *47.5y $449,540

Personal Care

Assumptions:
• Life Expectancy: 31y + 47.5y = 78.5y 
• Ave personal care hours for bathing/toileting: 2 hours/day

Equipment,
Architecture,
Transportation $13,420 $24,072 

Personal Care $449,540 $449,540

Total $463,960 $474,612

Totals
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Return on Investment

Pre Intensive 
Therapy

Post Intensive 
Therapy

Total Cost $1,787,142 $474,612

Cost Reduction ~ $1,312,530
Outpatient Therapy Costs: $150k

Total Savings: ~$1.16 million dollars
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Pete

• 54 y.o. Boilermaker, Rural Montana

• C4  AIS C:  Fall in the home

• Goals

• Return to his home vs. SNF

• Stand up  and walk independently

• Transfer into a car

• Use a manual WC vs. Power WC



Discharge from Inpatient Rehabilitation

Task Score Assist

Grooming 6 Mod I

Bathing 2 Max A

UE Dressing 2 Max A

LB Dressing 1 Total A

Toileting 1 Total A

Bed/wheelchair 2 Max A

Toilet 2 Max A

Tub/shower 2 Max A

Walk 1 Total A

Stairs 1 Total A

Functional Independence Measure
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Pre-Intensive Therapy

Item
Freq of 
Replacement 
(yrs)

Cost

Hospital Bed 3-12.5 y $2000-2700

Air Mattress 1-6 y $250-800

Portable Lift 1-5 y $3,000

Manual w/c 5-7 y $2000-3500

Power w/c with 
tilt

5-7 y $23,000

Shower Chair 5-7 y $3000

W/c cushion 1-3 y $450-550

w/c parts 1 y $675-2100

Total
$179,366-
206,539

Equipment Item Freq of 
Replacement 
(yrs)

Cost

Driving
Evaluation

1 x $1,000

Wheelchair 
Accessible Van

1 x $45,000

Van maintenance
& Adaptation

1y $28,500

Total $74,500

Transportation

Item Freq of 
Replacement 
(yrs)

Cost

Renovation 1 x $50,000

Total $50,000

Architectural Needs

Total: $303,866-$331,039

Assumptions:
• Life Expectancy: 54y + 22.7y = 76.7
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Pre-Intensive Therapy

Item Hours/week 
& cost/hour

Cost

Personal 
Care

39.9 
hours/week 
at $13/hour $26972.4

Total *22.7 $612,273

Personal Care

Assumptions:
• Ave personal care hours for motor incomplete SCI: 39.9 hours/week  

(French et al 2007)

Equipment,
Architecture,
Transportation $303,866 $331,039

Personal Care $612,273 $612,273

Total $916,139 $943,312

Totals

French, D. D., Campbell, R. R., Sabharwal, S., Nelson, A. L., Palacios, P. A., & Gavin-Dreschnack, D. (2007). Health care costs for 

patients with chronic spinal cord injury in the Veterans Health Administration. The journal of spinal cord medicine, 30(5), 477-481.
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Standing Progression

Initial Eval
6/1/15

Discharge eval (120 sessions)
12/11/15 

1st Re-eval (20 sessions)
7/2/15
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Locomotor Training Progression

Inpatient DC 

Outpatient Therapy

Outpatient Therapy
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Discharge Outpatient Therapy 



Discharge Intensive Therapy

Functional Independence Measure

Inpatient D/C FIM FIM D/C NRN Assist Level

Grooming 6 6 Modified Indep

Bathing 2 4 Min A

UE Dressing 2 4 Min A

LB Dressing 1 6 Modified Indep

Toileting 1 3 Mod A

Bed/wheelchair 2 6 Modified Indep

Toilet 2 6 Modified Indep

Tub/shower 2 5 Supervision

walk 1 6 Modified Indep

Stairs 1 5 Mod A

120  PT and OT Sessions
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Outcome Measure Improvement

Outcome Assessment Initial Assessment Discharge Assessment

10 Meter Walk Test Non-Ambulatory 0.61m/s

6 Minute Walk Test Non-Ambulatory 662 feet 

Berg Balance Measure 4/56 36/56

Neuromuscular 
Recovery Scale

1C 2C

Discharge Disposition: Home 
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Post Intensive Therapy

Item Freq of 
Replacement 
(yrs)

Cost

Hospital Bed 3-12.5 y NA

Air Mattress 1-6 y NA

Portable Lift 1-5 y NA

Manual w/c 5-7 y $2,000-3,500

Power w/c 5-7 y NA

Activaid 202 5-7 y $500

W/c cushion 1-3 y $450-550

w/c parts 1 y $675-2,100

Rolling Walker 1y $150

Forearm 
Crutches

1y

$130

Total $43,402-67,442

Equipment
Item Freq of 

Replacement 
(yrs)

Cost

Driving
Evaluation

1 x $1,000

Wheelchair 
Accessible Van

1 x NA

Van maintenance
& Adaptation

1y NA

Total $1,000

Transportation

Item Freq of 
Replacement 
(yrs)

Cost

Renovation 1 x NA

Total NA

Architectural Needs

Total: $44,402-68,442

Assumption:
• Life Expectancy: 54y + 22.7y = 76.7y 



27

Post Intensive Therapy

Item Hours/week & 
cost/hour

Cost

Personal Care 14 hours/week 
at $13/hour X 
1 year $9464

Total *22.7y $214,832

Personal Care

Assumptions:
• Ave personal care hours for bathing/toileting: 2 hours/day

Equipment,
Architecture,
Transportation $44,402 $68,442

Personal Care $214,832 $214,832

Total $259,234 $283,274

Totals
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Return on Investment

Pre Intensive Therapy Post Intensive Therapy

Total $943,312 $283,274

Cost Reduction:  $660,038
Outpatient Therapy Costs: $150k

Total Savings: ~$510,038

**Planned skilled nursing facility discharge 
before Intensive outpatient therapy program
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Evidence: SCI

Walking improvements demonstrated in 

acute and chronic SCIs using various 

forms of locomotor training…

Cochrane Conclusion (2012): There is 

insufficient evidence to conclude that any 

one approach to locomotor training is 

more effective than another for improving 

walking function in people with spinal 

cord injury. 

Meta-Analysis Conclusion (Cheung 2017): 

Lower limb robotic training was also 

found to be as effective as other types of 

body-weight-supported training
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SCI Model Systems Data

One Year Mobility Outcomes: N=144

NRN +11.5 
points 

Standard 
Care

NRN patients had statistically significant higher 
mobility scores at 1 year than matched 
controls who received traditional therapy.

5 point FIM change = $25k 
savings 1st year and $4k each 
year after (Miller et al 2016)

NRN Savings: $50k first year 
and $8k each additional year

NRN Lifetime Saving: $330k x 
72 people = $24 million dollars
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Odds of Walking Independently

Cases vs. Controls N Odds Ratio 95% CI p-value 

Walk 150ft In the Home 113 5.065 (1.435, 17.884)   0.013* 

Walk 1 Street Block 113 2.933 (0.868, 9.910) 0.082 

Walk 1 Flight of Stairs 113 5.817 (1.424, 23.756)   0.015* 
 

NRN 5x more likely to walk 
independently in the home at 1 
year than matched controls

NRN 3x more likely to walk 1 
street block independently at 1 
year than matched controls

NRN 6x more likely to walk 1 
flight of stairs independently at 
1 year than matched controls
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One Year Life Satisfaction  Outcomes

NRN +4 
points 

Standard 
Care

NRN patients had statistically significant 
higher Life Satisfaction scores at 1 year than 
matched controls who received traditional 
therapy.



34

One Year Community Participation 
Scores 

Occupation

+15 points

Social 
Integration

+ 7 points 

Mobility  
+17 NRN

Standard 
Care

NRN patients had statistically significant 
higher Community Participation Scores at 1 
year than matched controls who received 
traditional therapy.
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One Year Re-Hospitalization Data

NRN

Standard of Care 2.2x 
more likely to be re-
hospitalized during the 
first year of injury.

1st year Re-
hospitalization

Total Re-
hospitalizations

NRN Group 8 10

Standard of 
Care

16 22

Each Hospitalization = $40k
NRN: $400k
Standard of Care: $880k



Is Walking Important? 

Shavelle et al 2015

• Model Systems Data

• AIS Ds

• Independent walking associated with 
longer survival 

• ↑ Mortality associated with 
incontinence and being non-
ambulatory

• Life Expectancy ~90% of normal for 
Independent walking and continent 
vs. < 75% of normal
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ROI: Health Care Costs

Conclusions: Re-hospitalization 
rates among individuals with SCI in 
the first post-injury year remain 
high….. Re-hospitalization risk was 
associated with younger age, being 
a woman, unemployment, 
retirement, and
Medicaid coverage. 
Those who had more intensive 
physical therapy had lower odds 
of re-hospitalization.
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So What…

• Research supports intensive therapy interventions may 
facilitate  recovery after neurologic injury

• Intensive therapy may reduce life time care costs:

• Sherown: ~$1.15 million dollars

• Pete: ~ $500,000

• NRN vs. Standard of Care: 24 million dollars (n=72)

• Decreased 1 year re-hospitalization rates and health care 
costs associated with intensive therapy

• What about individuals who are motor complete….New 
technologies on the horizon….
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“I Want to Walk”……



KAFOs and RGOs

Reciprocating Gait 
Orthosis (RGO)

Karimi, Mohammad Taghi, and Francis Fatoye. "Evaluation of the performance of paraplegic subjects during walking with a new design of reciprocal gait orthosis." Disability and 
Rehabilitation: Assistive Technology 11.1 (2016): 72-79.
Arazpour, M., et al. "The physiological cost index of walking with mechanical and powered gait orthosis in patients with spinal cord injury." Spinal Cord 51.5 (2013): 356-359.
Leung, Aaron KL, et al. "The physiological cost index of walking with an isocentric reciprocating gait orthosis among patients with T12–L1 spinal cord injury." Prosthetics and orthotics 
international 33.1 (2009): 61-68.

Swing Through Pattern
Considerations:
• Shoulder ROM & 

strength
• Shoulder joint integrity
• Hip ROM (extension)
• Physiological cost of 

walking
• Walking speed

Rejection Rates ~75%
• Energy expenditure
• Applied UE forces
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Exoskeleton Survey of Stakeholder 
Perspectives

• Online survey of wheelchair users and health care 
professionals

• 481 responses analyzed
• 354 wheelchair users and 127 healthcare professionals

• Mostly highly rated reason to recommend an exoskeleton: 
Health Benefits

• 4 most important design features:
• Minimization of fall risk

• Comfort

• Independence with donning/doffing

• Purchase Cost

Wolff, Jamie, et al. "A survey of stakeholder perspectives on 
exoskeleton technology." Journal of neuroengineering and 
rehabilitation 11.1 (2014): 169.



Emerging Devices

ReWalk™
• Weight: ~56 lb
• Control: Wrist pad 

and torso tilt
• Available in Rehabs
• Gait all surfaces
• Crutches only
• FDA: Home Use

Ekso™
• Weight: ~ 50 lb
• Control: trigger on 

assistive device and 
torso tilt

• Variable Assist mode
• Crutches/Walker
• FDA: Rehab use only

Rex™
• Weight: 84 lb
• Control: 

Joystick/BMI
• No AD needed
• Slopes/Stairs

Indego™
• Weight: 27 lb
• Control:Postural
• Addition of FES 
• Modular 
• Variable power assist
• Gait all surfaces
• Crutches/Walker
• FDA: Home Use
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Exoskeleton Literature

• Walking speed .03-.45m/s (max .51m/s)Esquinazi 2012, Yang 2015, Louie 2015

• Reports of improvements in pain, bowel, bladder function and 
spasticity Esquinazi 2012, Miller 2016

• Subjects reported they enjoyed training Esquinazi 2012

• Metabolic cost of walking 3.5-4.3 METS/light to moderate 
exercise Evans 2015, Kozlowski 2015

• Training completed with CGA/close supervision Esquinazi 2012, Kozlowski 

2015

• Efficacy has not been demonstrated Lajeunesse 2015

• Exoskeleton generally did not meet subjects’ high expectations 
in terms of perceived benefits Benson et al 2016
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Community Wellness Center

T3 AIS A x 20 years

• 2-3x/week x 3 years

• Walking without physical 
assist 72 visits

• Paying out of pocket for all 
sessions

• ↓ Bowel program time

• ↓ # of UTIs

• ↓ Spasticity

• ↑ Feeling of Health

• Research



Out Patient Integration
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T4 AIS A/TBI

• 40 exoskeleton sessions in the 
community fitness program

• Purchased ReWalk independently

• Pays “companion” to walk with him 
3-4x/week for health and wellness 
benefits

• 36 PT visits to achieve Min A level 
with companion 

• Consistent follow through X 2 years



Out Patient Integration

T4 AIS A:

• Received Home Unit through 
foundation grant

• 28 sessions (~6 weeks)

• CGA ~16-18 sessions level ground

• Supervision:  Sit→Stand; transfers; 
donning/doffing

• Companion needed more training 
with follow up after return to 
home

• Follow up: Not utilizing at 1 year
46
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Neuromodulation
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Driving Recovery Forward



Epidural Stimulation
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