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vii. Voluntary and Involuntary movements

vii. Voluntary and Involuntary movements and their coordination

Classification of Movements
Voluntary Movements1.

Definition: Consciously initiated, goal-directed actions that require higher-level planning (e.g., reaching,
writing).
Examples: Picking up an object, playing a musical instrument, speech articulation.
Characteristics: Can be learned and refined through practice (motor learning), typically involving
integration of sensory feedback.

Involuntary Movements (Reflexive or Automatic)2.
Definition: Elicited without conscious intention, often for rapid protection or basic homeostasis.
Examples: Spinal reflexes (e.g., stretch reflex, withdrawal reflex), postural adjustments, respiratory rhythm.
Characteristics: Often hard-wired circuits with minimal cortical involvement, can be modulated by higher
centers but not always initiated by them.

Neural Control of Voluntary Movements

Hierarchical Organization

Primary Motor Cortex (M1)1.
Located in the precentral gyrus (Brodmann area 4).
Function: Execution of fine, discrete movements, with somatotopic representation (motor homunculus).
Betz cells (large pyramidal neurons) project via the corticospinal tract to motor neurons in the spinal
cord.

Premotor Cortex and Supplementary Motor Area (SMA)2.
Premotor Cortex (lateral area 6): Involved in planning movements based on external cues, sensorimotor
integration.
SMA (medial area 6): Plans complex, internally generated movements (e.g., bimanual coordination).

Posterior Parietal Cortex3.
Integrates sensory information (visual, somatosensory) to help guide and modulate motor plans, especially
for reaching and grasping.

Descending Pathways4.
Corticospinal (Pyramidal) Tract: Major pathway for voluntary movement, especially fine motor control of
distal limbs.
Corticobulbar Tracts: Innervate cranial nerve nuclei controlling facial, jaw, and tongue muscles.

Role of Basal Ganglia

Components: Striatum (caudate nucleus, putamen), globus pallidus, subthalamic nucleus, substantia nigra.
Motor Functions: Facilitate desired voluntary movements while suppressing unwanted movements; involved in
motor learning, habit formation.
Pathophysiology: Imbalances result in movement disorders:

Parkinson’s Disease (hypokinetic): Bradykinesia, rigidity, tremor due to reduced dopaminergic input
(substantia nigra pars compacta).
Huntington’s Disease (hyperkinetic): Chorea, due to striatal neuron degeneration.

Role of Cerebellum

Functional Divisions:
Spinocerebellum (vermal/paravermal regions) for posture, gait.
Cerebrocerebellum (lateral hemispheres) for planning, motor learning, coordination of skilled movements.
Vestibulocerebellum (flocculonodular lobe) for balance, eye movements.
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Motor  Coordination: Compares intended movement (from motor cortex signals) with actual performance
(sensory feedback), adjusting motor output.
Clinical Signs: Lesions cause ataxia, dysmetria, intention tremor, dysdiadochokinesia (inability to perform rapid
alternating movements).

Involuntary Movements and Reflexes

Spinal Reflexes

Stretch (Myotatic) Reflex1.
E.g., Knee-jerk reflex.
Muscle spindle activation by stretch → Ia afferent neurons → direct excitation of alpha motor neurons in the
spinal cord → contraction of the same muscle.
Maintains muscle tone and posture.

Golgi Tendon Reflex2.
Golgi tendon organs (GTOs) detect tension → Ib afferent fibers → inhibitory interneurons → reduce activity in
alpha motor neurons.
Prevents excessive tension, protects muscles/tendons from damage.

Withdrawal (Flexor) Reflex3.
Noxious stimulus activates nociceptors → flexor muscles of the same limb contract to withdraw from the
harmful stimulus.
Often coupled with crossed extensor reflex in the contralateral limb for balance.

Autonomic and Postural Reflexes

Postural Adjustments: Controlled by brainstem centers (vestibular nuclei, reticular formation) ensuring upright
stance, balance.
Visceral Reflexes (e.g., baroreceptor reflex in cardiovascular regulation, pupillary light reflex):

Integrated in the brainstem or spinal cord, modulated by higher centers (hypothalamus, cortex).

Modulation by Higher Centers

Descending Pathways from the cerebral cortex, basal ganglia, cerebellum, and brainstem can facilitate or
inhibit reflex arcs.
Gamma  Motor  Neurons (within spinal cord reflex pathways) adjust sensitivity of muscle spindles, influencing
muscle tone and reflex responsiveness.

Coordination of Movements

Sensorimotor Integration

Proprioceptive Feedback from muscle spindles, GTOs, and joint receptors is crucial for real-time adjustment of
voluntary and reflexive movements.
Cutaneous and Visual Cues guide fine manipulations and spatial awareness.
The posterior parietal cortex and cerebellum integrate these inputs to refine motor commands.

Motor Learning and Adaptation

Repeated Practice refines motor programs, reduces the need for conscious effort (e.g., learning to ride a bike,
play piano).
Plasticity in motor cortex, cerebellum, and basal ganglia underlies skill acquisition, with changes in synaptic
strength and circuit connectivity.

Disorders Affecting Coordination

Cerebellar Ataxias: Gait disturbances, imprecise movements due to cerebellar lesions.
Basal Ganglia Lesions: Range from bradykinesia/rigidity (Parkinson’s) to hyperkinesias (chorea, hemiballismus).
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Upper vs. Lower Motor Neuron Lesions:
Upper Motor Neuron Lesions: Spasticity, hyperreflexia, Babinski sign (corticospinal tract damage).
Lower Motor Neuron Lesions: Flaccid paralysis, muscle atrophy, fasciculations.

Volitional vs. Automatic Aspects of Movement
Hierarchy of Control1.

Higher Centers (cortex, basal ganglia, cerebellum): Plan, initiate, and modulate.
Spinal  Cord  and  Brainstem  Circuits: Execute immediate reflex actions, maintain posture, coordinate
rhythmic activities (e.g., locomotion).

Feedforward (Predictive) vs. Feedback (Reactive) Control2.
Feedforward: Predictive adjustments (e.g., anticipating load changes, using knowledge of past
experience).
Feedback: Corrective modifications based on sensory feedback (vision, proprioception).

Complex Behaviors3.
Gait: Pattern generators in spinal cord (central pattern generators, CPGs) produce basic stepping rhythms,
modulated by descending and sensory inputs.
Eye Movements (saccades, smooth pursuit, vestibulo-ocular reflex) rely on integrated brainstem centers
and cerebellar calibration.

Concluding Remarks
Voluntary and involuntary movements are orchestrated by an intricate network spanning the cerebral cortex, basal
ganglia, cerebellum, brainstem, and spinal cord. Voluntary movements arise from conscious planning and rely on
descending pathways and feedback loops for precision, while involuntary reflexes and automatic responses ensure
rapid protection, postural stability, and basic homeostatic motor functions.

Continuous sensorimotor integration allows coordination of these actions, enabling humans to adapt to changing
environments, refine learned skills, and maintain functional independence throughout life. Disruptions at any level of this
hierarchy—whether from neural trauma,  neurodegenerative disease,  or  peripheral nerve injury—can lead to
profound motor control deficits, highlighting the critical interplay of neural circuits in generating seamless and adaptable
movement.
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