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APRAXIA OF GAIT

Primary Disciplinary Field(s): Neurology, Clinical Neuropsychology, Movement Disorders.

1. Core Definition and Differentiation

Apraxia of gait (AOG) is defined as a significant impairment in the ability to walk or organize the

motor movements necessary for effective ambulation, despite the preservation of primary motor

strength (paresis or paralysis) and fundamental sensory function. Unlike gait disturbances resulting

from direct damage to motor pathways (such as hemiparesis or spasticity) or sensory input

systems (such as peripheral neuropathy), AOG represents a failure in the higher-level cognitive

processes responsible for motor planning and sequencing. The individual retains the physical

capacity to move their legs, but loses the ability to integrate these movements into the fluid,

purposeful sequence recognized as walking. This impairment is a specific form of apraxia, which

generally refers to the inability to execute learned movements despite having the desire and

physical ability to do so.

The distinction between AOG and other forms of gait dysfunction is essential for accurate

diagnosis and effective clinical management. A hallmark of AOG is the profound difficulty the

person experiences when attempting to organize the required motor movements in order to walk in

a fluid manner. When seated or lying down, the patient can often execute individual leg

movements--such as cycling their legs or moving them in response to a simple command--with

normal strength and coordination. However, when transitioning to the upright posture and

attempting to ambulate, the system fails, demonstrating that the deficit lies in the central

programming of the complex sequence, not in the peripheral execution.

Clinical descriptions often emphasize that AOG is rooted in frontal lobe dysfunction, contrasting it

sharply with disturbances originating in the cerebellum (ataxia, characterized by incoordination and

intention tremor) or the basal ganglia (Parkinsonism, characterized by bradykinesia and rigidity).

Therefore, the concept of AOG provides a crucial framework for understanding how cognitive

planning integrates with motor execution, highlighting the critical role of frontal-subcortical circuits

in everyday activities like locomotion. The functional independence of the limbs when not engaged

in walking confirms the integrity of the lower motor neuron and muscle systems, reinforcing the

diagnosis of a central, non-paralytic motor planning disorder.

2. Clinical Phenomenology and Manifestations

The manifestation of apraxia of gait is often distinctive and highly characteristic, though the severity

can vary depending on the underlying etiology and degree of neurological damage. Patients

typically present with a wide-based, short-stepped, and shuffling gait pattern. One of the most

frequently described features is the phenomenon often termed "magnetic gait," wherein the
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patient's feet appear to be stuck or glued to the floor, making initiation of the step profoundly

difficult. This hesitation and freezing are particularly noticeable upon starting to walk or when asked

to pivot and turn, requiring rapid sequencing adjustments.

Further detailed examination reveals that the failure is one of sequencing and spatial organization

rather than simple weakness. The patient often exhibits increased hesitation and difficulty lifting

their feet off the ground, resulting in a shuffling quality rather than the high stepping associated

with certain sensory deficits. Furthermore, when required to perform tasks that demand high levels

of motor planning flexibility--such as stepping over an obstacle or navigating a crowded area--the

apraxia becomes significantly worse. The inability to rapidly adjust the internal schema for walking

demonstrates a failure in the dynamic motor planning system, which relies heavily on intact frontal

lobe function.

In many advanced cases, patients may exhibit astasia-abasia, a severe form of gait apraxia where

the patient has lost the ability to stand (astasia) or walk (abasia), despite having normal strength

and coordination in the lower limbs when examined in supine position. When attempting to stand,

they may sway dramatically or demonstrate inappropriate postural adjustments, indicating a failure

to integrate proprioceptive and vestibular input into a cohesive motor plan for upright stability. The

characteristic clinical presentation--the initiation difficulty, the shuffling gait, the apparent "stuck"

feet, and the disproportionate difficulty with complex maneuvers--collectively point toward a failure

of the cortical programming mechanisms necessary for autonomous locomotion.

3. Neuroanatomical Substrates and Etiology

Apraxia of gait is fundamentally linked to dysfunction within the cortical and subcortical regions

responsible for complex motor planning, primarily involving the frontal lobes and their connections

to the basal ganglia and thalamus. The most crucial areas implicated include the supplementary

motor area (SMA) and the prefrontal cortex, specifically those regions that formulate the internal

mental representation of movement sequences before execution. Damage to these areas disrupts

the ability to generate the spatial and temporal motor program required for walking, even if the

primary motor strip remains intact to execute simple movements.

The most common and classic etiology associated with reversible apraxia of gait is Normal

Pressure Hydrocephalus (NPH). NPH involves the accumulation of cerebrospinal fluid, leading to

ventriculomegaly that disproportionately stretches and damages the periventricular white matter

tracts, including those projecting from the frontal lobes that govern gait planning. AOG, in

conjunction with urinary incontinence and cognitive decline (the NPH triad), is often the most

prominent and debilitating symptom. In this context, the gait disturbance is considered an

impairment of executive motor function linked directly to the compression of critical frontal-

subcortical loops.
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Beyond NPH, AOG can also result from widespread cerebrovascular disease, particularly bilateral

small vessel ischemic disease, which causes diffuse damage to the white matter tracts connecting

the frontal cortex to subcortical structures. Lacunar infarcts in the anterior circulation, especially

when multiple and strategically placed, can disconnect the necessary circuits. Furthermore, certain

progressive neurodegenerative disorders, such as corticobasal degeneration or specific forms of

frontotemporal dementia, may include AOG as a primary feature, reflecting the progressive atrophy

and destruction of the cortical motor planning centers. Identifying the underlying etiology is

paramount, as the prognosis for AOG caused by NPH is significantly better following shunt

placement compared to AOG caused by degenerative cortical disease.

4. Diagnostic Criteria and Assessment

Diagnosing apraxia of gait relies heavily on careful clinical observation and a process of exclusion,

ensuring that the impairment is not attributable to primary motor, sensory, or cerebellar deficits.

The initial assessment involves a detailed neurological examination to confirm normal strength,

tone, and reflex responses in the lower extremities, ruling out conditions like paresis, spasticity, or

rigidity which mimic gait difficulties. Sensory pathways, including proprioception and vibration

sense, must also be assessed and found intact, distinguishing AOG from sensory ataxia.

Specific assessment protocols focus on observing the patient during various phases of walking,

including initiation, maintenance, turning, and stopping. Key diagnostic tests often involve specific

maneuvers designed to stress the motor planning system. These include asking the patient to

perform tasks that require sequencing or shifting attention, such as walking while simultaneously

carrying out a cognitive task (dual-tasking), or asking them to rapidly change the size or speed of

their steps. A characteristic finding in AOG is that external visual or auditory cues (e.g., walking to

the beat of a metronome or stepping over lines drawn on the floor) may temporarily improve gait

performance, suggesting that the deficit is in internal generation of the motor program, which can

be partially bypassed by external organization.

Neuroimaging, typically Magnetic Resonance Imaging (MRI), is crucial for identifying the

underlying structural pathology, whether it be ventriculomegaly consistent with NPH, chronic small

vessel ischemic changes, or focal cortical atrophy. If NPH is suspected, additional diagnostic

procedures, such as high-volume lumbar puncture or continuous CSF drainage trials, are used to

assess the reversibility of the gait disturbance, providing a crucial prognostic indicator. The final

diagnosis of AOG requires a synthesis of clinical findings--demonstration of an impairment in

organizing purposeful walking movements despite preserved fundamental physical capacity--and

corroborating evidence from neuroimaging that points toward frontal-subcortical system

dysfunction.
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5. Theoretical Models of Gait Control

Theoretical models of motor control position apraxia of gait as a breakdown in the hierarchical

organization of locomotion. These models typically distinguish between low-level control, managed

by spinal cord central pattern generators (CPGs) and subcortical structures (like the brainstem and

cerebellum), which handle rhythmic execution and balance adjustments, and high-level control,

managed by the cortex, which handles initiation, modulation, and adaptation based on

environmental demands. AOG represents a failure at this high cortical level.

The cortical programming model suggests that the frontal lobes, particularly the SMA and pre-

SMA, are responsible for generating the abstract blueprint, or motor schema, for walking. This

schema includes the temporal sequencing (when to lift the foot, when to place it down) and the

spatial configuration (step length, width, and trajectory) necessary for smooth gait. In AOG, this

schema generation is compromised. While the spinal CPGs remain intact (allowing automatic,

rhythmic movements when lying down, sometimes observed reflexively), they cannot be effectively

triggered, modulated, or sustained by the damaged cortical input necessary for goal-directed

ambulation.

Furthermore, functional models emphasize the role of the frontal-subcortical circuits in linking

intention to action. When an individual decides to walk, the intention is translated through these

circuits into specific motor commands. Damage within this loop, such as the white matter stretching

seen in NPH, disconnects the intentional motor centers from the execution centers. This

disconnection hypothesis explains why patients with AOG often show 'dissociation,' meaning they

may perform automatic, non-purposive movements better than intentional, goal-directed

movements, demonstrating a failure not of the movement itself, but of its volitional organization.

6. Differential Diagnosis

Cerebellar Ataxia: This condition is often characterized by a broad-based, unsteady, and lurching

gait, frequently accompanied by truncal instability and dysmetria in limb movements. Crucially,

ataxia is a deficit of coordination and timing, whereas AOG is a deficit of planning and initiation.

Ataxic patients show their impairment regardless of whether they are sitting or standing, and their

incoordination persists even when performing simple individual movements, which is often not the

case in AOG.

Parkinsonian Gait (Basal Ganglia Dysfunction): Patients with Parkinson's disease exhibit a

festinating gait--small, shuffling steps with reduced arm swing, forward stoop, and characteristic

freezing episodes, especially when turning or passing through doorways. While both AOG and

Parkinsonian gait involve shuffling and freezing, Parkinsonian gait is rooted in bradykinesia and

rigidity due to dopamine depletion in the basal ganglia, impacting execution speed. AOG often

lacks the associated resting tremor, rigidity, and severe bradykinesia seen in classic Parkinsonism.
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Spastic Paresis: Gait disturbances due to upper motor neuron lesions (e.g., stroke affecting the

corticospinal tract) are characterized by muscle weakness (paresis), increased tone (spasticity),

scissoring gait, and circumduction (swinging the leg in a semicircle). These are primary motor

deficits involving muscle force and tone, whereas AOG, by definition, excludes significant

weakness or spasticity.

Sensory Ataxia: Caused by loss of proprioceptive feedback (e.g., severe peripheral neuropathy or

tabes dorsalis), sensory ataxia leads to uncoordinated walking that dramatically worsens when

visual input is removed (e.g., walking in the dark or with eyes closed). AOG is not significantly

affected by visual input removal, as the underlying problem is central planning, not peripheral

feedback.

Psychogenic Gait Disorder: These non-organic disorders are characterized by bizarre,

inconsistent, or highly dramatic gait patterns that do not conform to known neurological disorders.

The movements often improve when the patient is distracted and worsen under observation. AOG

follows predictable neurological rules and is consistently present across examinations.

7. Treatment Approaches and Prognosis

Treatment for apraxia of gait is fundamentally dependent upon identifying and addressing the

underlying etiology. If AOG is secondary to Normal Pressure Hydrocephalus, the prognosis is often

highly favorable following the surgical insertion of a ventriculoperitoneal shunt. The shunt drains

excess cerebrospinal fluid, thereby relieving pressure on the periventricular white matter tracts,

which can lead to a significant, sometimes dramatic, reversal of the gait disturbance. Shunt

responsiveness often provides the strongest evidence supporting an NPH diagnosis.

For AOG arising from fixed lesions, such as chronic vascular disease or degenerative conditions,

treatment is primarily supportive and rehabilitative. Physical therapy plays a crucial role, though

standard strength and balance training may be less effective than techniques specifically targeting

motor planning deficits. Therapists often employ strategies that utilize external cues to compensate

for the compromised internal planning mechanism. These strategies include the use of visual cues

(lines on the floor, laser pointers), auditory cues (metronomes or rhythmic music), or tactile cues to

help the patient initiate steps and maintain rhythm.

Furthermore, cognitive rehabilitation strategies are integrated to improve executive function related

to movement. Since AOG is a disorder of sequencing, practice often focuses on breaking down the

complex act of walking into discrete, manageable steps that the patient can consciously control.

While AOG associated with degenerative diseases generally carries a poor long-term prognosis,

the systematic application of external cueing and focused rehabilitation can significantly improve

mobility and reduce the risk of falls, enhancing the patient's quality of life and functional

independence.
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8. Significance in Neurological Research

Apraxia of gait holds significant importance in neurological research, serving as a powerful clinical

model for investigating the cortical organization of complex, learned, and semi-automatic

movements. The study of AOG reinforces the understanding that locomotion, though seemingly

effortless in healthy individuals, requires intricate integration between spinal reflexes, subcortical

rhythm generators, and sophisticated frontal executive control systems. Research focusing on

AOG helps delineate the specific pathways responsible for transforming an abstract intention (the

desire to walk) into a precisely timed and spatially accurate motor command.

Moreover, the reversibility of AOG in cases of NPH provides unique opportunities to study neural

plasticity and recovery mechanisms. Functional neuroimaging studies of NPH patients before and

after shunting procedures have helped map the specific recovery of frontal-subcortical network

connectivity, offering insights into how the brain reorganizes itself following the relief of chronic

compression. These findings contribute not only to movement disorder research but also to

broader studies of executive dysfunction and cognitive-motor interaction.

Finally, AOG research contributes to the development of more targeted rehabilitation strategies. By

understanding that the core deficit is organizational rather than purely physical, researchers can

design assistive technologies and therapeutic interventions--such as wearable sensors that provide

rhythmic auditory or haptic feedback--to bypass the damaged internal programming systems.

Thus, AOG remains a critical concept for advancing the understanding of how the human brain

maintains upright posture and coordinates the most fundamental learned movement sequences

essential for autonomy.
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