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POST STROKE RECOVERY – THE MODEL





Stroke Recovery

 15% die shortly after the stroke

 10% of stroke survivors recover almost completely

 25% recover with minor impairments

 40% experience moderate to severe impairments 
requiring special care

 10% require care within either a skilled-care or 
other long-term care facility

75% of Stroke survivors 

need help



Stroke Recovery with Rehabilitation

 80% Independent mobility

 70% Independent personal care

 40% can go outside home

 30% can return to work



NEUROREHABILITATION IN STROKE



Neurorehabilitation = Brain Repair



NEUROPLASTICITY 

IN

NEUROREHABILITATION
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Mechanisms of Recovery

Recovery is a combination of reversal of injury related factors (edema, 
diaschisis) and neuroplasticity.

Neuroplasticity

Incident days weeks months yearshours
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neurotransmitter alterations

synaptogenesis

Injury Reversal
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Neuroplasticity
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The ability of the nervous system to respond to intrinsic or extrinsic stimuli by 

reorganizing its structure, function and connections.

Harnessing neuroplasticity for clinical applications, Cramer et al. 2011

Neuroplasticity is the modification of the nervous system on a cellular and 
behavioral level. It is triggered by injury or activity/training.
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Activity-Induced Neuroplasticity

Basic Knowledge - A Movement Therapy Perspective12

Active training enhances neuroplasticity and results in reorganization of 
cortical maps.
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 Functional restoration relies upon the ability of spared 

neurons to compensate for lost function by growing 

neurites and forming new synapses to rebuild and remodel 

the injured networks

 Achieved in traditional rehabilitation strategies by targeted 

training of the weakened function



Nudo 2013



Nudo 2013



APPLYING THE PRINCIPLES TO 

PRACTICE
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Key Factors for Recovery
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Neuroplasticity and learning can be driven by several key factors taken 
from motor learning theory. 

Manner

• Task segmentation

• Specificity / 
Functionality

• Variability

• Initiation

• Shaping

Intensity

• Repetitions

• Duration

• Distribution / 
Frequency

• Effort

• Difficulty Psychological 
Factors

• Motivation

Information

• Instructions

• Feedback
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Intensity: Overview
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Therapy needs to be intensive, active and challenging for optimal recovery 
to take place.

Intensity

• Repetitions

• Duration

• Distribution / 
Frequency

• Effort

• Difficulty

Repeated performance of a movement/task

Time of a single therapy session or entire therapy

Amount of rests between repetitions or therapy sessions

Active participation of the patient (physical and mental)

Level of challenge during therapy sessions



Duration

Repetitions

Frequency

Difficulty 
of taskEffort

Intensity: Overview
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Intensity = x



PHYSIOTHERAPY



Moving your Body – Exercise Therapy



New Technologies

«Application of robotic devices to 
assist, enhance and intensify 

therapy.»

«Use of non-actuated devices (no 
motors) such as body weight 
support systems to facilitate 

rehabilitation.»

«Application of electrical 
stimulation to create functional 

movements and improve 
recovery.»

Non-Actuator
Devices

Robotics
Functional Electrical

Stimulation



New Technologies

«Use of virtual reality and 
environments for enhancing 

movement therapy.»

«Use of sensors (motion, force 
etc.) for assessing and enhancing 

therapy.»

«Application of electrical 
stimulation to the brain for 

enhancing recovery.»

Virtual Reality Sensor Technology Brain Stimulation



PERIPHERAL STIMULATION



FES: Odstock Dropped-Foot Stimulator (ODFS)

Amy Heitkamp & Jennifer Mullett

Figure courtesy of Salisbury District Hospital

http://fescenter.case.edu/Start_Here/Patients/
Stroke/stroke_programs.htm

Figure from: www.salisburyfes.com/ infoms.htm

http://fescenter.case.edu/Start_Here/Patients/
http://www.salisburyfes.com/infoms.htm


Sensori-motor integration



FUNCTIONAL ELECTRICAL STIMULATION (FES)

 Active muscle contraction 

 Computer or therapist sequenced activation 

 Produces functional movement

(FES Resource Guide, 2004)

 Benefits

• Enhance walking abilities,  

• Increases gait speed while lowering effort

Amy Heitkamp & Jennifer Mullett



BRAIN STIMULATION



Interhemispheric rivalry



How to utilize it



TMS



tDCS



OCCUPATIONAL THERAPY



Getting you back to work 



CONSTRAINT INDUCED MOVEMENT 

THERAPY (CIMT)



1. Constraint     2. Repetitive Practice      3. Transfer Package



MIRROR THERAPY



Moves on verbal command  - ǲshapingǳ Improves bilateral coupling – Michielson 2010





Photo: Courtesy Dr Jack Tsao; VA, Bethesda, MD



CROSSING OVER: 

VESTIBULAR REHABILITATION THERAPY



GOALS 

 1) Enhancing gaze stability

 2) Enhancing postural stability

 3) Improving vertigo

 4) Improving daily living activities



VESTIBULAR ADAPTATION

 Progressively increase the gain of the vestibular response

 Best Stimulus – Retinal Slip I motion of image during head 

movement

 Tips –Variable range 

and frequency, Progressive

 OKN

 Training VOR suppression



SUBSTITUTION BY OTHER EYE-MOVEMENT 

SYSTEMS



CENTRAL PREPROGRAMMING

 Central preprogramming is more effective for maintaining 

gaze stability as eye movements occur before head 

movement

 Eye Blinking

 Cervico-Ocular Reflex (COR)



ENHANCING POSTURAL STABILITY

 Substitution - increasing reliance on the visual and 

somatosensory cues 

 Adaptation - improving the vestibular responses 

 Recovery of normal postural strategies is required in 

patients with temporary deficits

 Compensatory strategies, such as relying on alternative 

somatosensory cues







Issues 

 Generic – not organ specific

 Not utilizing the whole system together

 Dosage is not determined



RECENT ADVANCES



Biodex Balance System 

 6 interactive training modes in Static and Dynamic: Postural Stability, Maze Control, 

Weight Shift, random Control, Limits of Stability, Weight bearing. Large Color Touch 

Screen, Interactive, game-like balance. 4 Standardized tests: Static Measuring Capability, 

Increased Dynamic resistance, Standardized Fall Screening Test Protocol, Athlete Knee 

Injury Screening Test protocol.











VIRTUAL REALITY: CAREN





DO NOT FORGET THIS
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