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Gait Apraxia

Primary Disciplinary Field(s): Neurology, Clinical Neuroscience

1. Core Definition

Gait apraxia, also known as Bruns apraxia or frontal ataxia, is a distinct neurological condition
characterized by a profound inability to walk or maintain normal gait despite the preservation of
motor strength, coordination, and sensation in the lower extremities when tested in a supine or
seated position. This paradoxical presentation is central to its definition: patients exhibit normal leg
function when not attempting to ambulate, but lose the capacity for coordinated walking upon
standing. The disorder is not attributable to primary muscle weakness, cerebellar dysfunction, or
peripheral neuropathy, but rather reflects a disruption in the higher-order planning and execution of
complex motor sequences required for locomotion.

The condition is a form of apraxia, a neurological disorder characterized by the inability to perform
learned movements on command, despite understanding the command and having the physical
capacity to perform the movement. In the specific context of gait apraxia, the learned movement is
walking, which necessitates intricate coordination of balance, stride, and postural adjustments.
While individuals may be able to move their legs freely and forcefully when lying down, the act of
integrating these movements into a purposeful, stable, and forward-moving locomotion becomes
impaired. This fundamental disconnect between elemental motor capacity and integrated motor
performance underscores the complexity of human ambulation and the specific brain networks
involved in its control.

Unlike other gait disturbances where a specific physical deficit, such as spasticity or muscle
atrophy, is evident, gait apraxia represents a failure in the cortical processing necessary for motor
planning. It is a disorder of programming the motor system to execute a sequence of movements,
rather than a problem with the motor system itself. This distinction is critical for accurate diagnosis
and differentiates it from other forms of ataxia, such as cerebellar ataxia, where impaired

coordination stems from cerebellar dysfunction, or sensory ataxia, where loss of proprioception
underlies the balance issues. The unique manifestation of preserved individual limb function
contrasted with impaired integrated movement defines gait apraxia as a higher cortical dysfunction.

2. Etymology and Historical Context

The term gait apraxia is attributed to Ludwig Bruns (1858-1916), a prominent German neurologist
who made significant contributions to the understanding of neurological disorders. Bruns first
described this specific clinical entity in 1892, recognizing the peculiar inability to walk in patients
who otherwise demonstrated normal strength and coordination in their legs when examined in a
non-ambulatory position. His meticulous observations distinguished this condition from other forms
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of motor impairment, highlighting its distinct neurological basis and earning it the eponym "Bruns
apraxia" in honor of his pioneering work. This early identification was crucial in categorizing higher-
order motor disorders separate from primary motor or sensory deficits.

Bruns's description emerged during a period of intense neurological discovery, where clinicians
and researchers were beginning to localize brain functions and understand the cortical control of
movement. His work helped pave the way for a more nuanced understanding of motor control,
moving beyond simple reflex arcs to complex cortical programming. The recognition of gait apraxia
as a distinct syndrome underscored the concept that walking, though seemingly automatic,
requires sophisticated brain mechanisms for planning, initiation, and execution, beyond merely
activating individual muscles. The term "frontal ataxia" is also often used interchangeably,
reflecting the strong association of the condition with dysfunction of the frontal lobes of the brain,
areas known to be critical for executive functions, motor planning, and complex motor control.

The historical context further positions gait apraxia within the broader category of apraxias, which
are disorders of skilled movement. Earlier descriptions of apraxia by clinicians like Hugo Liepmann
focused on limb and ideomotor apraxia, demonstrating a failure to perform learned gestures. Bruns
extended this concept to the realm of locomotion, highlighting that the inability to perform a
complex, volitional motor act could also manifest in the most fundamental human movement:
walking. This historical progression solidified the understanding of apraxia as a multi-faceted
neurological deficit, encompassing various domains of motor planning and execution, with gait
apraxia being a crucial manifestation within this spectrum.

3. Clinical Presentation and Key Characteristics

The clinical presentation of gait apraxia is highly characteristic, featuring a constellation of
symptoms that collectively define the condition. Patients typically exhibit a significantly altered
walking pattern, often described as a "magnetic gait" or "freezing of gait." Upon attempting to stand
or initiate walking, individuals may appear rooted to the spot, struggling to lift their feet off the floor
despite conscious effort. The initial steps are often hesitant, short, and shuffling, with a reduced
stride length. This difficulty in initiating movement is a hallmark symptom, distinguishing it from
conditions where gait is merely unstable or uncoordinated.

Beyond initiation, individuals with gait apraxia demonstrate poor balance and an increased risk of
falls. Their gait pattern lacks fluidity, often appearing stiff and awkward. Turning is particularly
challenging, characterized by a rigid neck and trunk, requiring multiple small steps to pivot rather
than a smooth, continuous turn. The upper body movement, which normally contributes to balance
and rhythm during walking, is often diminished or absent, further exacerbating instability. Patients
may sway or stumble, appearing as if they are constantly on the verge of losing their balance, yet
paradoxically, they can maintain balance and coordination when sitting or lying down. This
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disparity highlights the specific impairment in the integrated motor program for ambulation.

Other notable characteristics include difficulty raising one's foot off the floor, leading to scuffing or
shuffling. The feet may appear to stick to the ground, requiring considerable effort to lift and
advance. This phenomenon contributes to the short, hesitant steps and the overall impression of a
severely impaired gait, despite intact strength. Furthermore, cognitive deficits, particularly in
executive functions, are frequently comorbid with gait apraxia, given its strong association with
frontal lobe dysfunction. These cognitive impairments can further complicate ambulation and
rehabilitation, as planning, attention, and problem-solving are all critical for safe and effective
walking, especially in challenging environments.

4. Neurological Basis and Pathophysiology

The neurological basis of gait apraxia primarily involves the frontal lobes of the brain, particularly
the supplementary motor area (SMA), premotor cortex, and their extensive connections with
subcortical structures such as the basal ganglia and thalamus. These regions are critical for the
planning, initiation, and execution of complex motor sequences, including locomotion. The frontal
lobes play a crucial role in executive functions, which encompass motor planning, decision-making,
and goal-directed behavior--all essential components of purposeful walking. Damage or
dysfunction in these areas disrupts the cortical networks responsible for integrating sensory input
with motor output to produce a coordinated gait pattern.

Specifically, the supplementary motor area is heavily involved in internally generated movements
and the sequential organization of motor acts. Lesions or widespread dysfunction affecting the
SMA can impair the ability to initiate movement and sequence steps, leading to the characteristic
freezing and hesitant gait seen in gait apraxia. The premotor cortex assists in planning and
selecting movements based on external cues, and its disruption can affect adaptation to
environmental changes during walking. Furthermore, the connections between the frontal cortex
and subcortical nuclei, such as the basal ganglia, are vital for modulating gait and maintaining
postural stability. The basal ganglia's role in motor control, particularly in starting and stopping
movements, explains why disorders affecting these pathways, often secondary to frontal lobe
pathology, can manifest as gait apraxia.

The pathophysiology is not merely a deficit in one isolated area but often reflects a disconnection
syndrome or widespread disruption of frontal-subcortical circuits. These circuits form a complex
feedback loop essential for coordinating the intricate balance of excitation and inhibition required
for fluid locomotion. When these pathways are compromised, the brain struggles to retrieve and
execute the motor programs for walking, even though the elementary components (strength,
sensation, individual limb coordination) remain intact. This explains the paradoxical observation
that patients can perform individual leg movements with ease but fail to integrate them into the
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functional whole of walking, underscoring gait apraxia as a higher-level motor planning disorder.

5. Associated Conditions and Etiologies

Gait apraxia is most commonly associated with various disorders affecting the frontal lobes and
their extensive subcortical connections. One of the most frequent etiologies is Normal Pressure

Hydrocephalus (NPH), a condition characterized by an abnormal accumulation of cerebrospinal

fluid (CSF) in the brain's ventricles, leading to ventricular enlargement without a significant
increase in intracranial pressure. The enlarged ventricles can compress the periventricular white
matter, particularly the fibers extending to the frontal lobes, thereby disrupting the frontal-
subcortical pathways crucial for gait control. The classic triad of NPH includes gait apraxia, urinary
incontinence, and dementia, with gait disturbance often being the earliest and most prominent
symptom.

Other common causes include various neurodegenerative diseases that preferentially affect the
frontal lobes or related circuits. These can include Alzheimer's disease, especially in its later

stages, Frontotemporal Dementia (FTD), and certain forms of atypical parkinsonism such as

Progressive Supranuclear Palsy (PSP) or Corticobasal Degeneration (CBD), although in these

conditions, gait apraxia often co-occurs with other parkinsonian features or limb apraxia. Vascular
dementia, resulting from multiple small strokes or chronic ischemia affecting frontal white matter,
can also lead to gait apraxia by disrupting critical frontal-subcortical connections. Any condition
causing diffuse or focal damage to the frontal lobes can potentially manifest with this gait
disturbance.

Beyond neurodegenerative and vascular causes, other etiologies for gait apraxia include space-
occupying lesions such as brain tumors located in or near the frontal lobes, especially
meningiomas compressing critical motor planning areas. Traumatic brain injury (TBI), particularly
those involving diffuse axonal injury or focal frontal lobe contusions, can also result in gait apraxia.
Inflammatory conditions affecting the brain, such as multiple sclerosis or certain encephalitides,
may also present with gait apraxia if they cause sufficient damage to the relevant neural networks.
In essence, any process that impairs the integrity and function of the frontal-subcortical circuits
responsible for complex motor planning can precipitate the development of gait apraxia, making it
a key indicator of underlying frontal lobe pathology.

6. Differential Diagnosis

Differentiating gait apraxia from other causes of gait disturbance is crucial for accurate diagnosis
and appropriate management, as its pathophysiology differs significantly from other motor
disorders. A primary challenge lies in distinguishing it from various forms of ataxia, such as

cerebellar ataxia, which involves incoordination due to cerebellar dysfunction, or sensory ataxia,
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caused by impaired proprioception. In contrast to gait apraxia, cerebellar ataxia is characterized by
a wide-based, unsteady gait with dysmetria and intention tremor, often accompanied by nystagmus
and dysarthria, and the incoordination is evident even in non-ambulatory tasks. Sensory ataxia
presents with a positive Romberg sign and a stomping gait, with patients relying heavily on visual
cues. The key differentiator for gait apraxia is the preservation of individual leg strength and
coordination in seated or supine positions, which is typically not seen in other ataxias.

Another important differential includes Parkinsonian gait, which shares some superficial similarities
like shuffling steps and difficulty initiating movement (festination). However, Parkinsonian gait is
characterized by bradykinesia (slowness of movement), rigidity, resting tremor, and postural
instability, often with a stooped posture. Patients with Parkinson's disease typically have a forward-
flexed posture and an inability to perform rapid, alternating movements (e.g., finger tapping) even
when seated. In gait apraxia, these extrapyramidal signs are typically absent, and the primary
deficit is in the *planning* of walking, rather than the motor execution itself. While some atypical
parkinsonian syndromes can include elements of gait apraxia, the pure form of gait apraxia lacks
the classic parkinsonian motor features.

Furthermore, gait apraxia must be distinguished from severe weakness (paresis), spasticity, or
orthopedic issues that physically limit ambulation. Conditions like bilateral leg weakness due to
myelopathy or peripheral neuropathy would show reduced strength on formal motor examination,
which is absent in gait apraxia. Similarly, severe spasticity from upper motor neuron lesions would
present with increased muscle tone and characteristic gait patterns (e.g., scissoring gait).
Psychological or psychiatric conditions, such as psychogenic gait disorders, also need to be
considered, though a careful neurological examination and observation of the gait pattern usually
help differentiate. The definitive feature of gait apraxia remains the disconnect between preserved
elementary leg movements and the inability to sequence them into effective locomotion, a critical
distinction for accurate neurological diagnosis.

7. Assessment and Diagnostic Approaches

The assessment of gait apraxia relies heavily on a comprehensive neurological examination,
careful observation of the patient's gait, and specific tests designed to highlight the characteristic
dissociation between individual limb function and integrated ambulation. The initial step involves a
detailed clinical history to identify potential underlying causes, such as a history of frontal lobe
lesions, hydrocephalus risk factors, or cognitive decline. During the neurological examination, it is
crucial to assess muscle strength, tone, sensation, and reflexes in the lower extremities. The
hallmark finding will be normal or near-normal strength, tone, and sensation, coupled with
preserved coordination (e.g., heel-to-shin test) when the patient is lying down or seated. This initial
assessment helps rule out primary motor or sensory deficits as the cause of the gait disturbance.
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Observation of the patient's gait is paramount. The examiner should instruct the patient to stand
up, initiate walking, turn, and stop. Key observations include the difficulty in initiating steps ("gluing”
of the feet to the floor), the short, shuffling steps, reduced arm swing, poor balance, and the rigid,
multi-step turns. The contrast between the patient's ability to perform individual leg movements
(e.g., lifting knees high on command, marching in place while seated) versus their inability to walk
provides strong evidence for apraxia. Some clinicians use specific tests, such as asking the patient
to "walk like you're walking on ice" or to perform specific complex gait tasks, to further elicit the
apractic features. The use of a gait laboratory, if available, can provide objective measures of
stride length, velocity, and cadence, quantifying the severity of the apraxia.

To confirm the diagnosis and identify the underlying etiology, neuroimaging studies are essential.
Magnetic Resonance Imaging (MRI) of the brain is typically the preferred modality to visualize

structural abnormalities in the frontal lobes or the periventricular white matter. MRI can reveal
evidence of hydrocephalus (especially enlarged ventricles out of proportion to sulcal atrophy in
NPH), ischemic lesions, tumors, or signs of neurodegeneration. In cases of suspected NPH, a
lumbar puncture with removal of a significant volume of CSF (a "tap test") may be performed; a

temporary improvement in gait following the tap can strongly suggest NPH and predict
responsiveness to CSF shunting. Neuropsychological testing can also be valuable to assess
associated cognitive deficits, particularly executive dysfunction, which often co-occurs with gait
apraxia and helps localize the pathology to the frontal lobes.

8. Management and Prognosis

The management of gait apraxia primarily focuses on addressing the underlying cause, where
possible, and providing symptomatic relief through rehabilitative therapies. For conditions like
Normal Pressure Hydrocephalus (NPH), which is a significant and potentially reversible cause of

gait apraxia, surgical intervention with CSF shunting (e.g., ventriculoperitoneal shunt) can lead to
remarkable improvement or even resolution of symptoms in a substantial number of patients. The
decision for shunting is often guided by a positive response to a diagnostic CSF tap test. Early
diagnosis and intervention in NPH are crucial for maximizing the potential for recovery and
preventing irreversible neurological damage.

In cases where gait apraxia is secondary to neurodegenerative diseases like Alzheimer's or
Frontotemporal Dementia, or widespread vascular brain injury, specific curative treatments are
often unavailable. Management then shifts to supportive care aimed at improving functional
independence and preventing complications. Physical therapy plays a critical role in this context,

focusing on gait training, balance exercises, and strategies to overcome freezing episodes.
Techniques such as external cueing (e.g., visual lines on the floor, auditory rhythmic cues like a
metronome), weight-shifting exercises, and practicing exaggerated steps can help patients bypass
the impaired motor planning circuits and improve ambulation. Occupational therapy can also assist
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by adapting the home environment to reduce fall risks and enhance safety.

The prognosis for gait apraxia is highly variable and directly dependent on the underlying etiology.
Patients with NPH who undergo successful shunting often experience significant improvement,
sometimes returning to near-normal gait. However, for those with advanced neurodegenerative
diseases, the condition is typically progressive, and the goal of therapy shifts to maintaining
function for as long as possible and managing associated symptoms. While gait apraxia can
severely impact quality of life and independence, leading to increased fall risk and social isolation,
multidisciplinary rehabilitation efforts can mitigate its effects. Ongoing research continues to
explore pharmacological interventions, non-invasive brain stimulation, and advanced rehabilitative
techniques to offer better therapeutic options for this challenging neurological condition.

9. Significance and Research Directions

Gait apraxia holds significant importance in clinical neurology, serving as a critical indicator of
underlying frontal lobe or frontal-subcortical circuit dysfunction. Its unique presentation allows
clinicians to differentiate it from other gait disorders, guiding diagnostic workup towards conditions
like Normal Pressure Hydrocephalus (NPH), which is potentially reversible, or specific

neurodegenerative diseases. The presence of gait apraxia necessitates a thorough investigation
into cerebral integrity, particularly the integrity of pathways involved in higher-order motor planning
and executive function. Furthermore, understanding gait apraxia contributes to the broader
understanding of how the brain controls complex, learned movements, shedding light on the
intricate hierarchy of motor control from basic reflexes to conscious, goal-directed actions.

For patients, the impact of gait apraxia is profound, severely limiting mobility and independence. It
increases the risk of falls, reduces participation in daily activities, and can significantly diminish
quality of life. The challenge lies not just in the physical inability to walk but also in the cognitive
demands of adapting to this deficit, especially when comorbid with other cognitive impairments.
Therefore, ongoing research is crucial, focusing on refining diagnostic criteria, particularly
differentiating it from similar conditions and identifying specific biomarkers that can predict
prognosis and treatment response. Advances in neuroimaging, such as functional MRI and
diffusion tensor imaging, are being used to map the precise neural networks disrupted in different
etiologies of gait apraxia, aiming to provide a clearer picture of its pathophysiology.

Future research directions also include developing more effective therapeutic interventions,
especially for non-reversible causes. This encompasses exploring novel pharmacological agents
that might modulate frontal-subcortical circuits, as well as advancing rehabilitative strategies.
Investigations into non-invasive brain stimulation techniques, such as transcranial magnetic
stimulation (TMS) or transcranial direct current stimulation (tDCS), are underway to determine if
they can enhance motor learning or functional connectivity in affected brain regions. Ultimately, a
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deeper understanding of gait apraxia--from its molecular mechanisms to its clinical manifestations--
is essential for improving diagnosis, developing targeted treatments, and enhancing the functional
independence and quality of life for affected individuals.
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