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Objectives:

• Review the perspectives of key stakeholders in terms of 
return on investment when implementing advanced 
technologies in neurorehabilitation

• Review translational science literature focused on 
promoting recovery of walking in SCI, TBI and stroke

• Discuss the clinician’s regarding deploying advanced 
technologies to facilitate recovery after neurologic injury

• Review case studies to evaluate maximizing outcomes 
after SCI and the return on investment (payor
perspective)
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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.
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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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Locomotor Training Progression

Inpatient DC 

Outpatient Therapy

Outpatient Therapy
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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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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 
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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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Rick

60 y.o. male, recently retired

C4 AIS C: Water Skiing accident
Goals: 
• Walk independently
• Independent with ADL’s
• Live at home independently 

(feed himself, empty leg bag, 
access water)



Discharge from Inpatient Rehabilitation

Task Score Assist

Grooming 3 Mod A

Bathing 3 Mod A

UE Dressing 2 Max A

LB Dressing 2 Max A

Toileting 2 Max A

Bed/wheelchair 1 Total A

Toilet 1 Total A

Tub/shower 1 Total 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 $23,000-25,000

Shower Chair 5-7 y $500

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

w/c parts 1 y $675-2100

Total
$133,663-
152,196

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: $258,163-$276,696

Assumptions:
• Life Expectancy: 60y + 17.7y = 77.7 
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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 *17.7 $477,411

Personal Care

Assumptions:
• Life Expectancy: 60y + 17.7y = 77.7y 
• Ave personal care hours for motor incomplete SCI: 39.9 hours/week  

(French et al 2007)

Equipment,
Architecture,
Transportation $258,163 $276,696

Personal Care $477,411 $477,411

Total $735,754 $754,107

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 Evaluation Discharge Evaluation



Discharge Intensive Therapy

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 5 Supervision

Tub/shower 1 5 Supervision

walk 1 6 Modified Indep

Stairs 1 5 Supervision

Completed 120  PT and OT Sessions
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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

Carbon Fiber 
AFO

1y

$800-1,000

Forearm 
Crutches

1y

$130

Total $36,792-$55,545

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: $37,792-$56,545

Assumptions:
• Life Expectancy: 60y + 17.7y = 77.7y 
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Post Intensive Therapy

Item Hours/week & 
cost/hour

Cost

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

Total *17.7y $167,512

Personal Care

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

Equipment,
Architecture,
Transportation $37,792 $56,545

Personal Care $167,512 $167,512

Total $205,304 $224,057

Totals
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Outcome Measure Improvement 

Outcome Assessment Initial Assessment Discharge Assessment

10 Meter Walk Test Non-Ambulatory 0.71m/s

6 Minute Walk Test Non-Ambulatory 549 feet

Berg Balance Measure 8/56 39/56

Neuromuscular 
Recovery Scale

2B 3B

Discharge Disposition: Home with wife
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Return on Investment

Pre Intensive 
Therapy

Post Intensive 
Therapy

Total $754,107 $224,058

Cost Reduction   $530,049
Outpatient Therapy Costs: $150k

Total Savings: ~$380,049



Evidence Based Practice

Best 

Research 

Evidence

Patient Values 

& Preferences

Clinical Expertise

EBP

Payor Perspective 

(Return on Investment)
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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



Evidence: Stroke

Locomotor Experience Applied Post-Stroke

LEAPS Trial 

CONCLUSION: Locomotor training, 

including the use of body-weight support in 

stepping on a treadmill, was not shown to 

be superior to progressive exercise at 

home managed by a physical therapist.

At 1 year, 52.0% of all participants had 

increased functional walking ability.

FOLLOW UP ANALYSIS: Both treadmill and 

home therapy groups were superior to usual 

care in improving walking regardless of severity 

of initial impairment. 

Intensive therapy (regardless of 

approach) may result in better 

outcomes than usual care…

2016 AHA/ASA Guidelines
• Combination (Priming)

• Non-ambulatory/low ambulatory
• Virtual Reality



Evidence: TBI
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Esquenazi et al 2013; N=16

Results:  No statistically significant 

between group differences; speed 

increased 49% for robotic group; 31% 

for manual group; Step length 

symmetry improved 31% for Robotic 

group; 9% for manual group; 

Conclusion: Greater improvements in 

symmetry and walking speed for 

robotic group; Improvements from 

both interventions in chronic TBI. 

Less staff used for Robotic Group

Esquenazi et al 2017

N=22

Results:  Statistically significant 

increases in speed for all groups; 

between group differences not 

significant; G-EO and manual LT 

significant improvements in 6MWT; 

MSIS significant in Lokomat group;  

Conclusion: No significant 

differences in symmetry in any of 

the groups; Staffing was the least 

for Robotic group



Clinical Expertise

Best 

Research 

Evidence

Patient Values 

& Preferences

Clinical Expertise

EBP

Payor Perspective

Return on 

Investment



Dolbow et al 2015;  Sadowsky et al 2009; Dunlop 2008; Kleim et al 2011; Winchester et al 2005; Ruff  et al 2008



Primed CNS → More responsive to training

• Homeostatic Plasticity

• Gating

Priming

1. Stimulation-Based Priming
2. Sensory-Based Priming
3. Movement-Based Priming
4. Motor imagery and action 

observation-Based Priming
5. Pharmacology-Based Priming

Stoykov, M. E., & Madhavan, S. (2015). Motor priming in neurorehabilitation. Journal of 
neurologic physical therapy: JNPT, 39(1), 33.
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Locomotor Training Options



Access to Technology

SCI Rehab Data:  Jacqueline LaBarbera



Patient Values

Best 

Research 

Evidence

Patient Values 

& Preferences

Clinical Expertise

EBP

Payor Perspective (Return 
on Investment)



Patient Values

 100% of prospective patients/families with SCI ask about technology  

opportunities

 85% of patients/families with TBI ask about technology opportunities. 

 Patient Values and Preferences include technology as a priority. 



Is Walking Important? 

Shavelle et al 2015

• Model Systems Data

• AIS Ds

• Independent walking associated with 
longer survival 

• ↑ Mortality associated with 
incontinence

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

Conclusions: “Two weeks of 
additional standing balance 
circuit classes delivered in 
addition to usual therapy 
resulted in decreased 
healthcare costs at 3 months 
in hospital inpatients admitted 
for rehabilitation. There is a 
high probability that this 
intervention is both cost 
saving and effective.“
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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.



54

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

• Rick: ~$380,000

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

• New technologies on the horizon….
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Exoskeletons

• Walking speed .03-.45m/s (max 
.55m/s)Esquinazi 2012, Yang 2015, Louie 2015, 

Tefertiller et al 2017

• Reports of improvements in 
pain, bowel, bladder function 
and spasticity, enjoyment Esquinazi

2012, Miller 2016

• 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
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Neuromodulation of the CNS



craighospital.org

Questions?


