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Objectives
1. Review evidence supporting early mobilization and verticalization 

following stroke and brain injury.

2. Identify clinical tools used to predict motor recovery and guide 
rehabilitation planning after stroke.

3. Explain the role of high-intensity, task-specific training in promoting 
neuroplasticity and locomotor recovery.

4. Provide practical strategies and tools to translate current rehabilitation 
research into everyday clinical practice



Early Mobilization

• Very early mobilization (<24 hours) must be cautious 
• Short, frequent, low-intensity sessions are best
• Avoid high-dose, prolonged early mobilization in first 24 hours

• Research shows first 14 days after a stroke represent a critical period of 
heightened neuroplasticity, during which the brain is especially responsive 
to rehabilitation and reorganization efforts. 



Predicting Upper Limb Recovery after Stroke

• Predicts function over 3 months Post-Stroke
• Helps Clinicians:

o Early Goal-Setting
o Therapy Focus (remediation vs compensation)
o Communicating prognosis to patients and families



APRAHL: Alternative Prognosis of Recovery 
Assessment for the Hemiparetic limb
• Offers biomarker- free pathway when Predict Recovery Potential (PREP2) 

cannot be completed due to unavailability of Transcranial Magnetic 
Stimulation (TMS)

• Still early in research journey





National Institutes of Health Stroke Scale 
(NIHSS)

• a 15-item checklist assessing stroke severity
• Scores from 0 (no stroke) to 42 (severe stroke)
• Evaluating alertness, language, vision, motor skills, sensation, and 

coordination. 
• Scores correlate to severity: 0-4 (minor), 5-15 (moderate), 16-20 

(moderate-severe), and 21-42 (severe), helping predict outcomes and track 
changes in neurological function.  



APRAHL 
Algorithm 



Nebraska Medicine and The Best ICU Study





ABCDEF Bundle







What do we do with patients on vent, at RASS 
-3, -4, -5?

Passive range of motion?

How do we move them safely? 

What are the benefits?

Bed Chair?



Bringing it 
back to OT's 
Role in 
Positioning



Let's get vertical!



Ideal Population for Verticalization Therapy

• Stroke
• TBI/Concussion
• Disorders of consciousness (minimally conscious, vegetative states)
• SCI (incomplete/complete) 
• ICU or prolonged bedrest
• Orthostatic intolerance or dysautonomia 
• Severe weakness/deconditioning



Indications for Verticalization Therapy

• Airway issues (e.g., intubated, trach, Opti-flow/high flow)
• Delirium
• Patient needs increased stimulus
• Orthostatic Hypotension
•  Does not OR intermittently following commands
• Craniectomy without helmet
• Spinal Cord 
• RASS –2 to +1 
• Femoral Line



Contraindications for Verticalization Therapy

• Worsening Neuro exam, pupillary changes
• Intercranial pressure greater than 20
• Transcranial doppler greater than 3.0 (at risk for vasospasm)
• Bolt
• Medically paralyzed
• Trach, must be older than 24 hours
• Uncontrolled blood pressure
• Pulmonary Embolism w/o therapeutic intervention
• PEEP < 10, Fi02 60 or below



Benefits of Verticalization

• Early Mobilization and Neuro Recovery
o Enhances arousal and attention
o Promotes Neuroplasticity 
o Reduces Spasticity 

• Cardiovascular and Autonomic System Benefits
o Improves orthostatic tolerance
o Supports hemodynamic stability 

• Pulmonary Advantages
o Better ventilation & oxygenation 
o Helps secretion clearance 



Benefits continued..

• Musculoskeletal health
o Prevents contractures 
o Maintain bone density 
o Stimulates postural muscles

• GI, Renal, and Bowel Benefits
o Improves digestion and bowel motility 
o Enhances bladder emptying 

• Pressure Injury Prevention
o Relieves prolonged pressure
o Promotes skin perfusion



Benefits continued..

• Psychological & Cognitive Improvements
o Improves mood and engagement 
o Supports cognitive participation
o Delirium 

• Functional gains
o Prepares for transfers, standing, gait
o Increases tolerance for therapy



Vital Monitoring

Vitals
• Oxygen, increased needs, Fi02, PEEP 
• Intercranial pressure >20
• Blood pressure  MAP <65, sudden BP 

drops or escalating vasopressors
• Pupil response and difference 
• Heart rate 
• Respiratory Rate



How do I get patients vertical 
without a vertical bed?

• Air pal
• Vertical Table





o "75% of patients scored higher on 
the WHIM when assessed in 
standing position compared to the 
supine position."



o "Our pilot-study supports the safety 
and effectiveness of ERIGO 
verticalization in bedridden post-
stroke patients, even in the sub-
acute phase.. We found greater 
improvement in nearly all clinical 
and safety outcomes after rVT to 
FM (lower limb motor function), 
PASS (postural control) and RCPM 
(cognitive abilities)"



Total number of acute interventions for ICP 
elevation was significantly lower after 
verticalization (79 interventions vs 
41interventions; p=0.04)"​ 



Other tools for Early 
Mobility

• Mechanical sit to stand lifts 
• Walking devices
• Hoyer lift 
• Vent Walks





Specificity, Intensity, Repetition

•Neuroplasticity Principles 
• High-intensity, task-specific practice drives stronger 

neural adaptation and strengthens synaptic 
connections, and increase dendritic growth

• BDNF (Brain-Derived Neurotrophic Factor) increases 
with high intensity training, enhancing synaptic 
plasticity (no increase with low/moderate intensity 
training)

• Clinically: higher reps, focused effort, and active 
participation improve recovery

INTENSITY MATTERS!



Clinical Practice Guideline to Improve Locomotor 
Function

• Goal of the guideline was to look at the efficacy of a variety of 
interventions to improve walking speed and duration
• Chronic (>6 months) Stroke, Incomplete SCI, and Brain Injury 
• Patient has goal to improve walking function 
• DO these things:
• Perform walking training at aerobic intensities 
• Performs walking training with augmented visual feedback 



Clinical Practice Guideline to Improve Locomotor 
Function

• MAYBE do these things:
• Strength training at > 70% 1 RM 
• Circuit training at 60-80% HRR 
• Balance training with augmented visual feedback 
• Perform aerobic cycling/stepping 

• STOP these things:
• Perform balance/pre-gait activities without feedback or with vibration 
• Performs body weight support treadmill training with assistance for 

kinematics 
• Perform robotic assisted walking training 



What is moderate to high 
intensity?

• Moderate to high intensity levels = 75-85% of 
HR max and/or RPE ≥ 15 

• Calculate appropriate HR max, considering 
effect of beta blockers 

• Requires constant monitoring 
• Polar HR monitors, spot check in 5 minute 

increments, RPE chart 
• ANPT: Clinician Tools and Resources

• Can’t substitute duration for intensity
• May need to clear with physician if concerns 

with exercise at this intensity
• ANPT: Physician Resources



Metabolic Cost of Walking

• Propulsion (50-75%)
• Limb Swing (5-10%)
• Postural Stability (25%)
• Stance Control (5-10%) 

• All patients can work on propulsion! 



Academy of Neurologic PT Resources



Locomotor Training Equipment 

•Robotics 
• Body weight support treadmill 

training with robotic legs
• Exoskeleton



Locomotor Training Equipment

• Ellipticals
• With or without motor assistance
• Optional body weight support
• Enables mass practice of  simulated gait 

activity
• Affordable alternative used in small rehabs 

and community settings



Locomotor Training Equipment

•Body weight support 
utilizing a floor lift
• Walking Harness
• Ambulation shorts
• Static BWS
• Ensure harness used is approved by 

manufacturer to be used with floor lift 
• OT can use for standing activities and/or gait 

in functional settings (ie. kitchen) 



Locomotor Training Equipment

•Body weight support 
locomotor training
• Provides postural and body weight 

support during gait training 
• Can use over treadmill or 

overground
• Not just for locomotor training 
• Sitting balance, tall kneeling, 

quadruped 
• Used by PT and OT 



Locomotor Training Equipment 

•Ceiling track systems
• Used for safety as a passive catch 
• Provides little to no body weight 

support 
• Quick and easy set up
• Can customize the track (over treadmill 

and/or steps)
• PT and OT can use for gait and/or 

balance activities



 Vagus Nerve 
Stimulator

• Implanted device that stimulates the left 
vagus nerve 

• Delivers mild electrical impulses during 
therapy 

• For chronic Ischemic strokes with moderate 
upper extremity weakness

• Purpose 
o Enhances neuroplasticity
o Improves upper extremity motor 

recovery
o Used along task-specific therapy
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