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POST STROKE RECOVERY - THE MODEL







Stroke Recovery

e 15% die shortly after the stroke
e 10% of stroke survivors recover almost completely

¢| 2594 recover with minor impairments

*|40% experience moderate to severe impairments
requiring special care

¢l 109 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

e 70% Independent personal care

e 40% can go outside home

e 30% can return to work




NEUROREHABILITATION IN STROKE




Neurorehabilitation = Brain Repair

“Stroke rehabilitation is a progressive, dynamic, goal
orientated process aimed at enabling a person with an
Impairment to reach their optimal physical, cognitive,
emotional, communicative and/or social functional level’



NEUROPLASTICITY
IN
NEUROREHABILITATION




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




Neuroplasticity

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

Lesion Sprouing Unmasking

6

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

Rehabilitation
Lesion
Pre-infarct Post infarct

Active training enhances neuroplasticity and results in reorganization of
cortical maps.

Basic Knoydedge - A Movement Therapy Perspective




* 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
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FIGURE 2 | Representation of distal forefimb represantations in motor I3t refiect the incivigual kingmataen thatthe montay smplovy =0 exiiand thee
cortax after digitskifl training as detined by intracortical microstimulation.  roprosentatans (A) Fresraining map (B Postraining map (€) Sull rragas of

Dt 3re3s rad] sioqnd afee only 12 days of taneng, Comuination movemipnts  squarsl maakey reirswing food pellels from small welks (hudo ¢

Nudo 2013




A SKILLED RFACHING CONDITION B UNSKOLED REACHING CONDITION
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APPLYING THE PRINCIPLES TO
PRACTICE




Rehab-CYCLE

identify problems
and needs

N
Relate problems to
modifiable and

llmltlng factors

J

Define targe.t ‘probletm
and target mediators,
soloct appropriate measures

Plan, implement, and
coordinata interventions
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Cognitive
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Social
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Key Factors for Recovery

Intensity

« Repetitions « Task segmentation

« Duration o ?peciﬁcm‘/t
« Distribution / A unctionality

Frequency « Variability
- Effort { - Initiation

+ Difficulty [| Psychological > glceln
Factors

e Motivation

Neuroplasticity and learning can be driven by several key factors taken
from motor learning theory.




Intensity: Overview

Intensity

Repetitions == Kepeated perfarmance of 8 movement/task

Duration - [ime of a single therapy session or entire therapy

Distribution /
Frequency

Effort - Active participation of the patient (physical and mental)

Amount of rests between repetitions or therapy sessions

Difficulty ---- [evel of challenge during therapy sessions

Therapy needs to be intensive, active and challenging for optimal recovery
to take place.




Intensity: Overview




PHYSIOTHERAPY




Moving your Body - Exercise Therapy

= Neurodevelopmental technigques (NDT) by Bobath stresses exercises
that tend to normalize muscle tone and prevent excessive spasticity
through special reflex-inhibiting postures & movements

* Rood- involves superficial cutaneous stimulation using stroking,

brushing, tapping & icing or vibration to evoke voluntary muscle
activation

» Brunnstrom- emphasized synergistic patterns® of movement that develop
during recovery from hemiplegia. Encouraged the development of flexor
& extensor synergies during early recovery, hoping that synergistic

activation of muscle would, with fraining, transition into voluntary
activation.

* synergy-a whole series of muscles are recruited when just a few are needed

- Kabat's Proprioceptive Neuromuscular Facilitation (PNF)-Relies on
quick stretching and manual resistance of muscle activation of the
limbs in functional direction, which are often spiral and diagonal




New Technologies

«Application of robotic devices to «llse of non-actuated devices (no «Application of electrical
assist enfiance and intensify motors) such as body weight stimulation to create functional
therapy.» support systems to facilitate mavements and improve

refiabilitation. » FECOVEry.»




New Technologies

«llse of virtual reality and «llse of sensors (motion, force «Application of electrical
BvIromments for enfiancing gtr.) for assessing and enfiancing stimulation to the brain for
movement therapy.» therapy.» ENAGNCing recovery.»




PERIPHERAL STIMULATION




FES: Odstock Dropped-Foot Stimulator (ODFS)

The Odstock Droppec
Foot Stimulator

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

Figure courtesy of Salisbury District Hospital

http://fescenter.case.edu/Start Here/Patients/
Stroke/stroke_programs.htm

Amy Heitkamp & Jennifer Mullett



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




Getting you back to work

Hand splints Adaptive aids




CONSTRAINT INDUCED MOVEMENT
THERAPY (CIMT)




1. Constraint 2. Repetitive Practice 3. Transfer Package




MIRROR THERAPY










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




CROSSING OVER:
VESTIBULAR REHABILITATION THERAPY




ClOTAY IS

= 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 | motion of image during head
movement

* Tips—Variable range
and frequency, Progressive

= OKN
* Training VOR suppression




SUBSTITUTION BY OTHER EYE-MOVEMENT
SYSTEMS

Fig. 2. Exercises for enhancing eye movements. A- Exercise for saccade and vestibulo-ocular reflex: 1, look directly al a targel, ensuring
that your head is aligned with the target, 2. look at the other target;. and 3. turn your head 1o the other target. B: Exercise for imagery pur-
sult: 1, look directly at a target, ensuring that your head is aligned with the target. 2, close your eyes; 3, slowly tum your head away from the
target while imagining that you are stil looking directly at the target, and 4, open your eyes and check to see whather you have been able

o keep your eyes on the target, if not, adjust your gaze on the target.




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




. Exerclses for enhancing gaze stakllity

1] Head turns: Rotates the head side to side horlzontally with gaze fixed on a statlonary target. Do the same exerclse with vertical
head turns (Fig. 14,7

2| Head-frunk turns: Rotates the head and frunk together (en block) horizontally with gaze fixed on the thumb while the arm
moving together with the trunk [modified from Zee's exercise (Fig. 18]

3] Head turns while walking: While walking In a stralght lIine, the patlent rotates the head horizontally fo the left and right with gaze
fixed on a stationary target. Do the same exercise with vertical head turns.®

2. BExercises for enhancing eys movemsnis.
1) Saccade: Keeps the head still and moves only the eyes. Imagine horizontally placed two targets close encugh together that
while locking directly at one. Lock at one targst and quickly looks at the other target, without moving the head. These
movements are repeated severdl times (one of the Cawthome-Cocksey exercise™),

2] Pursuit: Keep the head stil and moves only the eyes. Extends one arm forward and make the thumb (target] up. and turn the

arrn slde to slde while focusing an the thumk (modified from ane of the Cawthome-Cooksay exerclse®)

3) Saccade and vestibulo-ocular reflex: Horzontally placed two targets dre Imagined, For example, fwo arms are exfendead
forward with two thumbss [target] up. Look at a target, being sure that the head is lined up with the target. Then, look at the
other target and fum the head slowly to the target. Repeat In the oppaosite direction. Repaat both directions several times (Flg. 24) %

4) Imagery pursult remembered target exerclse), Look dirsctly at o target, belng sure that the head s Ined up with the target,
Close the eyes, and the head 5 slowly tumed away from the target while Imagining that one 15 stlll locking at the farget. Then,
open the eyes and whether the target s kept in focus s checked. If notf, adjust the gaze on the targset. Repedat in the opposite
direction. It should be as accurate as possible. Repeat both directions several fimes [Fig. 2B) .




3. Exercises for enhancing postural stability.

1] Stand on one leg. Stay for 15 seconds. Switch to the other leg (one of the Cawthorne-Cooksey exercise],

tanding with the feet heel-to-tos with both arms extended. Stay for 15 seconds. Switch to the other leg.'® "
3) Sway back and forth. Locate the pafient behind a chair and before o wall, This prevents the patient from falling. The patient
starts with Dending low dnd move the center of oAy backward with the toes up. Next 15 Dending backward and move the

nes (one of the authors' exercise) (Fig. 3).

vertgo
2d over the head, with the eyes locking at the elevated hand. Bend over and low the arm diagonally

osite foot, Repeat 10 times (one of the authors’

2| Go from a seated to a standing pesition. then retum to sitting [One of the Cawthome-Cooksey exercise|




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.
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BALANCE SYSTEM 5D




Training

Postural Stability Weight Shiit

Limits of Stability Maze Control
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Random Control




Postural Stabllity Training Limits of Stabllity Training
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VIRTUAL REALITY: CAREN




| — |
R “/(\

- .

A/

1 -
Dy |-
"l.




DO NOT FORGET THIS

SENSORY INPUT ———= INTEGRATION OF INPUT———= OTOR i — > BALANCE

: The cerebellum :
Vestibular coordinates and Vestibulo-ocular

equilibrium reflex
spatial awareness
rotation

linear movement

regulates posture,
movement, and
balance,

The cerebral cortex

contributes higher Motor impulses
level thinking and to control eye

memory. maovements

The brainstem
integrates and
sorts sensory
information.

Proprioceptive

Motor impulses
touch

to make
postural
adjustments
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