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The Physical Paradox of Conventional Rehabilitation

The Physical Barrier The Burden

Hemiparesis disrupts motor control, severely
impacting Activities of Daily Living (ADLs) and
overall quality of life following stroke or
neurological injury.

The Limitation

Conventional rehabilitation relies heavily on actual
g} physical exertion and external movement. For
LB severe hemiparesis, this creates a rehabilitation
bottleneck: recovery requires movement, but
paralysis prevents it.

The Required Shift

(7aa>\ A transition toward non-invasive,
‘. neuroplasticity-based interventions that bypass
the physical barrier.
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The Paradigm Shift to Cognitive Rehabilitation

Paradigm Matrix Phantom Prototype

Conventional Physical Therapy | Graded Motor Imagery (GMI)
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Focuses on physical Focuses on neural
exertion. rehearsing.

Severely limited by the Completely unaffected by
extent of paralysis. paralysis severity.

Relies on external, physical | Relies on internal, sequential
movement execution. cortical activation without

physical movement.

The brain rehearses movement

before the body performs it.
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Cortical Cartogfraphy: The Architecture of Motor Imagery'

Premotor Cortex Primary Motor Cortex
Essential for motor planning The final execution hub,
and left/right recognition. gradually stimulated.

Supplementary Motor
Area (SMA)

Drives the mental rehearsal
of complex movements.

Parietal Cortex

Processes sensorimotor
integration and spatial

mapping.

Cerebellum

Coordinates the timing and
precision of the imagined
movement.

GMI promotes neuroplasticity and cortical reorganization by systematically activating these networks, reducing maladaptive
cortical changes that occur during prolonged paralysis.
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The Three Sequential Stages of Graded Motor Imagery

Stage Patient Action Cortical Target
Stage 1: Left-Right |dentifying images of Activates Premotor
Discrimination affected body sides. Cortex.

Mentally rehearsing
movements without
physical execution.

Activates motor
planning pathways.

Stage 2: Explicit
Motor Imagery

Stage 3: Mirror Viewing the healthy Stimulates the mirror
Therapy limb moving in a mirror. | neuron system.
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Clinical Goal

Improves cortical
representation and
spatial recognition.

Primes the neural
circuitry for action.

Creates the illusion of
normal movement to
enhance motor recovery.
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Bypassing Maladaptation via the Mirror Neuron Loop ”

The Optical Illusion
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Neurophysiological Reaction

Maladaptation

®

By creating the powerful optical illusion of a fully functional limb, Mirror Therapy tricks the brain.
This visual feedback stimulates the mirror neuron system, effectively overriding learned paralysis

and re-establishing healthy sensorimotor integration.
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Clinical Efficacy: The

Strongest Evidence Profile

- Stroke Rehabilitation

- Complex Regional Pain
Syndrome (CRPS)

- Phantom Limb Pain

Current Evidence Landscape

Reported Functional Outcomes

Upper limb O Ppostural
motor recovery balance &
& hand function walking ability
@ ggﬂgliliiisng Pain reduction
1~  (ADLs) ; E ; & Quality of Life

Systematic Review Consensus: Overall evidence indicates GMI is a safe, low-cost

Intervention with minimal adverse effects that effectively enhances neuroplasticity.
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Primes cortical networks
and reverses maladaptive
brain changes.

The Neuroplasticity Ecosystem

Cognitive
Rehearsal
(GMI)

Central Insight: GMI is

most effective as an adjunct

catalyst to multidisciplinary
rehabilitation, not as an

It opens the neural window

so physical therapy can
succeed.

Clinical
Reinforcement

. (Multidisciplinary
Care)
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isolated, standalone treatment.

Physical
= Execution
P ' (Conventional

oy Therapy)

Ensures adherence, correct
dosing, and functional
integration.

Translates primed
neural pathways into
physical movement.
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Evidence Boundaries and Knowledge Gaps

Dosage Definition
Q. I Dosage Definition: Lack of standardized duration and

frequency.

Timing: Determining the absolute best stage to initiate
post-stroke.
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Durability () _

1) Timing Patient Heterogeneity: Variable effectiveness in severe vs.
Kiiown'/ N/ mild cases.
Low-to-Moderate : ’ : o :
Certainty Demographics: Efficacy in pediatric neurological
Evidence rehabilitation.
Durability: Limited long-term follow-up and sustainability
data.
: Patient | Clinical Reality: Research is hampered by small sample |
Demographics Heterogeneity sizes, variable protocols, and differing outcome measures.
Gap Analysis Radar % 72
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Orchestrating GMI: The Multidisciplinary Orbit

Nursing Practice -

(The Anchor)

|dentify suitable patients,

monitor protocol adherence,
provide family counseling, and
motivate through self-management.

Patient &
GMI Protocol

Home & Digital (The Extension)

Physio & Occupational Therapy
(The Execution)

Individualized treatment planning,
functional integration of newly
acquired motor skills, and
continuous outcome assessment.

Facilitating early implementation, low-cost home exercise programs, and remote reinforcement.
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The Horizon of Precision Neurorehabilitation

%

Phase 1: Near-Term
Integration

Mobile App GMI Training:
Delivering structured Stage 1 & 2
exercises directly to patients.

Tele-rehabilitation: Remote
monitoring and protocol
adherence tracking.

O

Phase 2: Mid-Term
Innovations

Virtual Reality (VR) GMI:
Creating hyper-immersive Mirror
Therapy environments.

Wearable Tech: Real-time

tracking of micro-movements
and physiological responses.
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Phase 3: Frontier
Technologies

Al-Supported Rehab:
Dynamically personalizing GMI
protocols based on progression.

Brain-Computer Interfaces
(BCI): Directly reading cortical
activation during mental rehearsal.

- e .

Technology Readiness Timeline
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From Concept to Clinical Reality

1
2

The Mechanism

GMI harnesses neuroplasticity to safely reorganize the
motor cortex, bypassing physical limitations.

The Efficacy

Proven to improve motor recovery and ADLSs, particularly
in stroke and CRPS patients.

The Application

Success requires integrating standardized protocols
within a dedicated multidisciplinary care ecosystem.
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