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ASSOCIATED MOVEMENT

Introduction to Associated Movement

Associated Movement, often abbreviated as AM, is defined within the fields of neurology and motor
control as the involuntary, often superfluous, contraction of muscles that are not strictly required for
the execution of a primary, voluntary motor task. These movements are typically observed in body
segments distant or functionally unrelated to the site of intended action, manifesting as an overflow
of motor excitation or the release of primitive synergistic patterns due to impaired central nervous
system inhibition. The essence of an associated movement lies in its lack of necessity and its
involuntary nature; while the primary movement is intentional, the associated reaction is an
unintended byproduct, often indicative of damage or developmental immaturity within the
descending motor pathways, particularly the corticospinal tract. These phenomena are critical
markers in clinical assessments, providing insight into the integrity and functional organization of
the brain's motor control systems. For instance, a classic example involves the excessive exertion
required to lift an object with a paretic limb, leading to an unwanted, forceful clenching of the
opposite hand or an elevation of the shoulder that serves no biomechanical purpose for the task at
hand.

The study of associated movements traces back to foundational neurological observations,
distinguishing them from reflexes or simple tremors. Unlike reflexes, which are rapid, stereotyped
responses to sensory stimuli, AMs are inextricably linked to a simultaneous volitional effort. The
appearance of these movements suggests a failure in the brain's capacity to isolate motor
commands, resulting in a generalized spread of neural activity that should normally be suppressed.
This lack of precision highlights a deficiency in the inhibitory mechanisms responsible for refining
and sculpting movement. In healthy individuals, the highly refined motor system ensures that
energy and activation are precisely confined to the necessary muscles. However, when pathology,
such as stroke or cerebral palsy, compromises these control mechanisms, the motor intention
"spills over," generating unintended muscle activity. Understanding the precise circumstances
under which AMs emerge is paramount for accurate diagnosis and for tailoring effective
rehabilitation strategies aimed at restoring motor independence and efficiency.

Phenomenology and Clinical Characteristics

The clinical presentation of associated movements is diverse, depending heavily on the underlying
neurological condition and the degree of motor impairment. Generally, AMs are characterized by
their strong correlation with the effort expenditure during the voluntary task. The greater the force
or concentration required to perform the primary movement, especially against resistance, the
more pronounced the associated movement becomes. These movements often manifest as
synergistic patterns, meaning they replicate typical movement combinations that are controlled by
lower, less refined motor centers. For example, during a strong grasp of the hand (the voluntary
task), the elbow may involuntarily flex and the forearm may pronate (the associated movement).
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Such patterns often reflect the unmasking of basic, mass-flexion, or mass-extension synergies that
are normally inhibited by the mature cortex.

Associated movements are predominantly observed in patients experiencing hemiparesis following
a cerebrovascular accident (stroke), where they are frequently termed "associated reactions." In
these contexts, the movement often occurs in the affected, paretic limb when the patient performs
a strenuous action with the unaffected, sound limb. Conversely, AMs can also occur in the
unaffected limb as a compensatory overflow when the affected limb is intensely utilized. These
movements are typically slow and sustained, maintaining the posture or contraction throughout the
duration of the voluntary effort, distinguishing them from the rapid, oscillatory nature of tremors or
myoclonus. Common sites for observation include the upper extremities, particularly during
activities requiring fine motor control or significant grip strength, and the lower extremities, where
attempted dorsiflexion of the ankle might trigger involuntary hip flexion.

A systematic evaluation of associated movements involves observing the patient performing
standardized tasks under varying degrees of resistance and effort. Clinicians utilize these
observations to grade the severity of motor pathway damage and to track recovery trajectories.
The presence and persistence of specific AM patterns, such as those described in the
Brunnstrom approach to stroke rehabilitation, provide important prognostic indicators. For
instance, the involuntary retraction of the shoulder and flexion of the elbow when attempting to
extend the wrist is a classic associated reaction that signifies the dominance of primitive flexor
synergies following upper motor neuron damage. The inability to suppress these involuntary
contractions significantly impedes the development of isolated, functional movements necessary
for daily activities, thus compounding the primary motor deficit.

Neurological Basis and Etiology

The underlying cause of associated movements is fundamentally rooted in the disruption of the
central nervous system's inhibitory control mechanisms. Normal, mature movement relies on the
precise balance between excitatory and inhibitory signals originating primarily from the cerebral
cortex and mediated through subcortical structures like the basal ganglia and the cerebellum.
When damage occurs to the descending motor pathways, particularly the lateral corticospinal tract-
-the primary route for voluntary, fractionated movement--the inhibitory influence that the cortex
exerts over lower motor centers is diminished or completely lost. This loss of inhibition releases
subcortical and brainstem mechanisms from cortical constraint, allowing them to exert uncontrolled
influence over the motor output.

One prominent hypothesis posits that AMs represent the overflow of neural excitation across the
corpus callosum, the massive bundle of nerve fibers connecting the two cerebral hemispheres.
Normally, when one hemisphere initiates a complex movement, the corpus callosum facilitates
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interhemispheric inhibition, ensuring that the motor command remains localized and prevents the
mirror activation of homologous muscles in the opposite limb. In pathological states, this
interhemispheric inhibitory mechanism fails, leading to the "spillover" of electrical activity.
Furthermore, damage to the internal capsule or motor cortex reduces the brain's ability to
selectively activate only the necessary motor units. Instead, the generalized effort required to
recruit the paretic muscles results in widespread, non-specific activation that recruits nearby or
synergistic motor pools, generating the unwanted associated movement.

Etiologically, associated movements are most frequently encountered in conditions resulting in
upper motor neuron lesions. These include:

Cerebrovascular Accident (Stroke): Particularly those affecting the primary motor cortex or
internal capsule.

Cerebral Palsy (CP): Developmental damage to the motor control centers, often resulting in
spasticity and persistent, primitive synergistic patterns.

Traumatic Brain Injury (TBI): Lesions that disrupt the descending motor tracts.
Neurodegenerative Disorders: Conditions like Parkinson's disease, although the AMs here often
differ slightly in quality (sometimes classified as related phenomena like dystonic movements or
tremors).

The presence of AMs in children who have passed the typical developmental window for their
suppression (usually by age four or five) strongly suggests underlying neurological damage or
delayed maturation of the corticospinal system, highlighting their importance as diagnostic
indicators.

Classification and Types of Associated Movements

Associated movements can be categorized based on their appearance, location, and the functional
relationship between the primary and secondary movements. While they all share the fundamental
characteristic of being involuntary and unnecessary, their clinical manifestations vary significantly,
aiding in diagnostic differentiation. A primary distinction is often made between associated
reactions, which are highly pathological and typically seen after stroke, and other forms of motor
overflow.

The principal types of associated movements include:

Mass Synergistic Movements: These involve the involuntary activation of entire limb synergies
(e.qg., total flexion or total extension patterns) in response to effort. For example, yawning or
sneezing might involuntarily trigger a massive flexor synergy in a hemiparetic arm. These are often
the most debilitating types, as they completely prevent the fractionation of movement.

Overflow Movements (Contralateral Overflow): This describes the involuntary movement
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occurring in the limb contralateral to the voluntary effort. When a patient strongly grips an object
with the unaffected hand, the paretic hand may involuntarily mirror the action, clenching into a
weak fist. This is a clear example of interhemispheric disinhibition.

Postural Associated Movements: These are involuntary muscle contractions aimed at stabilizing
proximal joints during the execution of a highly precise or forceful distal movement. While some
proximal stabilization is normal, pathological AMs involve exaggerated, unnecessary fixation (e.g.,
excessive neck or trunk rigidity during a simple hand movement).

Homologous Muscle Activation: A highly specific type of overflow where the same muscle group
activated voluntarily in one limb contracts involuntarily in the corresponding limb. For instance,
strong activation of the biceps brachii on the left side causes involuntary activation of the biceps
brachii on the right side.

The specific pattern of the AMs provides clues about the location and extent of the lesion. Flexor
synergy dominance, characterized by involuntary shoulder retraction, elbow flexion, and forearm
supination, is common in upper limb involvement following capsular lesions. Conversely, extensor
synergy, involving shoulder protraction, elbow extension, and forearm pronation, is often less
dominant in the arm but highly prominent in the leg (hip extension, adduction, knee extension). The
rigidity and consistency of these patterns underscore the extent to which the higher inhibitory
centers have been compromised, leaving the motor system reliant on archaic, patterned outputs.

Differentiation from Related Motor Phenomena

It is crucial for accurate diagnosis to distinguish associated movements from other motor
phenomena that might appear superficially similar, particularly synkinesis and mirror movements
(MM). While all three involve involuntary motor activity linked to voluntary effort, their underlying
mechanisms, typical presentations, and prognostic implications differ significantly. Associated
movements, as discussed, are generally indicative of diffuse upper motor neuron damage leading
to global disinhibition and the release of mass synergies.

Synkinesis refers to the involuntary movement of muscle groups that are functionally linked, often
due to miswiring following nerve regeneration. The most common and clinically relevant form is
facial synkinesis, occurring after recovery from Bell's palsy or facial nerve trauma. Here, an
intended movement (e.g., smiling) results in an involuntary movement in an unrelated, but
innervated, facial muscle group (e.g., eye closure). Unlike AMs, which reflect central brain control
issues, synkinesis is a peripheral phenomenon resulting from the misdirection of regenerating
axons, where one nerve impulse path branches to innervate multiple muscle groups.

Mirror Movements (MM), or congenital mirror movements, represent involuntary, simultaneous
movements in homologous muscles on the contralateral side during a unilateral voluntary task.
While similar to overflow AMs, MMs are typically symmetrical, bilateral, and often present from
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childhood, persisting into adulthood without other signs of motor pathway pathology. MMs are
frequently linked to specific genetic mutations affecting interhemispheric connectivity, often
involving the commissural fibers or the pyramidal tract decussation. While AMs are usually
asymmetrical and highly correlated with pathological spasticity or weakness, MMs can occur in
otherwise healthy individuals and are often considered a disorder of motor control purity rather
than gross motor function.

Clinical Significance and Assessment Methods

The assessment of associated movements holds significant clinical utility, serving not only as a
diagnostic marker but also as a prognostic tool in rehabilitation settings. The presence and severity
of AMs directly correlate with the degree of functional impairment and the potential for recovery of
independent, fractionated movement. A patient whose voluntary effort is overwhelmingly
accompanied by mass synergistic patterns will have severely limited functional capacity compared
to one who can suppress these reactions.

Assessment methods range from simple observation during standard activities of daily living
(ADLs) to formalized scales. Clinicians often instruct patients to perform tasks requiring increasing
levels of force, such as maximal grip strength, weight lifting, or sustained posture, while observing
all four limbs and the trunk for involuntary activity. Key assessment considerations include:

Triggering Task: What specific movement elicits the AM?

Location and Pattern: Is the AM flexor or extensor dominant? Is it proximal or distal?
Intensity: How strong is the involuntary contraction relative to the voluntary effort?
Functional Impact: Does the AM interfere with the primary task or with balance and posture?

Formalized protocols, such as the Fugl-Meyer Assessment (FMA), which is widely used in stroke
recovery, incorporate the assessment of synergy patterns and the patient's ability to move outside
of these patterns, thereby indirectly gauging the severity of associated reactions. Higher scores on
suppression ability correlate strongly with better long-term functional outcomes and independent
living.

Furthermore, advanced neurological assessment techniques, including Transcranial Magnetic
Stimulation (TMS) and electromyography (EMG), provide objective measures of the underlying
neurophysiology. TMS can assess the excitability and connectivity of the motor cortex and the
efficacy of interhemispheric inhibitory pathways. EMG allows for precise quantification of the timing
and amplitude of involuntary muscle contractions during the voluntary task, offering detailed
information about the extent of motor unit overflow and the specific muscle groups involved in the
associated movement patterns. These objective measures are increasingly important in clinical
trials and in guiding targeted interventions such as biofeedback or localized neuromodulation.
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Developmental Context and Lifespan Presentation

Associated movements are a normal, transient feature of motor development in infancy and early
childhood. In newborns, the corticospinal pathways are still immature, and the inhibitory control
from the cortex is not fully established, leading to a natural dominance of synergistic and mass
movement patterns. For instance, when an infant strongly grips an object with one hand, it is
common to see the mirror activation of the other hand. These developmental associated
movements typically diminish and disappear as myelination progresses and the cortical inhibitory
influence matures, usually concluding between the ages of four and six years. The disappearance
of these early AMs is a key milestone indicating successful maturation of the motor system.

If associated movements persist significantly beyond this critical developmental window, it is
considered a pathological indicator of underlying motor control issues, frequently pointing toward
conditions like congenital hemiplegia or cerebral palsy. In these cases, the failure of the inhibitory
system to develop normally results in lifelong reliance on less efficient, synergistic movement
patterns. Throughout the lifespan, the reappearance or significant exacerbation of AMs in
adulthood is almost always linked to acquired neurological injury, serving as a powerful sign of
pyramidal tract damage. In older adults, the acute onset of hemiparesis following a stroke is the
most common cause, with AMs being prominent during the early stages of recovery when
spasticity and synergistic dominance are maximal.

The study of developmental AMs also provides insights into the nature of motor learning. In healthy
adults learning a complex, highly skilled motor task, temporary overflow movements can
sometimes be observed during the initial, high-effort phases of acquisition. This suggests that even
in a mature system, maximal cognitive and motor effort can temporarily tax the inhibitory system,
leading to mild, transient associated movements. However, these are generally subtle, easily
suppressed, and disappear quickly as the skill becomes automated, contrasting sharply with the
robust, persistent, and debilitating AMs seen in clinical populations.

Management and Therapeutic Considerations

The primary goal in the management of associated movements is to reduce their severity and
frequency to improve the patient's capacity for independent, fractionated, and efficient movement.
Treatment approaches are multi-faceted, heavily relying on physical and occupational therapy
principles aimed at motor re-learning and enhancing inhibitory control. Addressing the AMs is
crucial because they consume valuable neural energy, exacerbate spasticity, and prevent the
selective activation of individual muscles necessary for fine motor skills.

Therapeutic interventions often focus on techniques designed to break the established synergy
patterns:
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Constraint-Induced Movement Therapy (CIMT): While primarily used to increase use of the
paretic limb, the intense, repetitive practice under constraint forces the affected limb to operate
outside of its dominant synergy patterns, indirectly challenging and suppressing AMs.
Biofeedback and Visual Cues: Patients are trained to monitor muscle activity (via EMG) or visual
feedback to gain conscious control over the involuntary contractions, thereby promoting the
recruitment of inhibitory pathways.

Proximal Stabilization: Providing external support or requiring the patient to actively stabilize
proximal joints (trunk, shoulder) before initiating distal movement can sometimes reduce the
generalized overflow of motor activity.

Reducing Effort: Tasks are often modified to require minimal force initially. As the patient gains
control, the resistance is slowly increased, training the system to maintain isolated movement even
under greater effort.

Pharmacological management, while not directly targeting the AMs, often addresses associated
symptoms that exacerbate them. For instance, severe spasticity--the velocity-dependent increase
in muscle tone--can be treated with muscle relaxants (e.g., baclofen, tizanidine) or localized
injections of Botulinum Toxin (Botox). By reducing the overall hyper-excitability of the motor
system and diminishing spasticity, the frequency and intensity of associated movements may also
decrease, creating a therapeutic window for motor re-education. Ultimately, effective management
requires a tailored approach that integrates physical rehabilitation, compensatory strategies, and,
where necessary, pharmacological interventions to optimize the patient's functional independence
and quality of life.
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