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Abstract
Neurological disorders of gait, balance and posture are both debilitating and common.
Adequate recognition of these “disorders of axial mobility” is important as they offer useful
diagnostic clues in patients with an uncertain clinical diagnosis, often early in the course of
neurological disorders. Medical teaching programs typically take classical clinical presentations
as the starting point, presenting students with a representative constellation of features that
jointly characterize a particular axial motor syndrome. However, this is not the way patients
usually present to a physician in clinical practice. Particularly in early disease stages, patients
may display just one or at best only a few abnormal signs of gait, balance or posture.
Importantly, each of these signs is never pathognomonic for any specific disorder, but comes
with an associated differential diagnosis. In this video-supported viewpoint, we offer a new
diagnostic approach, taking the presenting signs as the starting point for a focused differential
diagnosis and a tailored search into the underlying neurological syndrome.
Background
Careful recognition of neurological gait and balance disorders is very important in everyday
clinical practice, for a variety of reasons. First, gait and balance disorders impose significant
disability for affected individuals. One main concern is the development of recurrent falls,
which can lead to injuries, and which are associated with a reduced survival (1). For example, it
is increasingly recognised that freezing of gait is the most important cause of falls in patients
with parkinsonism, presumably because the feet suddenly get stuck while the subject is
attempting to move forward (2). For most patients, freezing of gait is at least partially treatable,
but recognition of freezing of gait in the clinical examination room can be very difficult. Second,
difficulties with walking and maintaining balance force patients to reduce their physical
activities, and physical inactivity is in turn associated with a host of negative consequences,
including a worsening of disease symptoms, development of osteoporosis, sleep disorders, and
a reduced survival (3). The tendency to become physically less active is compounded by a fear
of falling, which commonly develops in patients with gait and balance disorders, even among
those who have never sustained actual fall before (4;5). Third, specific features of gait and
balance can offer important diagnostic clues in patients with an uncertain clinical diagnosis. For
example, the development of postural instability and recurrent falls within the first year of
disease onset in patients with a hypokinetic-rigid syndrome suggest the presence of a form of
atypical parkinsonism, such as progressive supranuclear palsy or multiple system atrophy (6-8).
Changes in posture can also offer important diagnostic information (9). For example, a
disproportionate antecollis in patients with a hypokinetic rigid syndrome suggest the presence
of multiple system atrophy, or perhaps a side-effect of dopamine receptor agonists in patients
with Parkinson's disease. Importantly, changes in gait typically develop early on in the course of
many neurological disorders, as is seen in for example patients with hereditary cerebellar ataxia
(10). Another example is the asymmetrically reduced arm swing that may present as an early
feature in patients with Parkinson's disease (11). Recent work has even demonstrated that
subtle changes in gait can present in carriers of mutations in the dominant LLRK2 Parkinson
gene who are otherwise clinically asymptomatic (12). Finally, gait slowing is another early – but
nonspecific – marker of underlying neurological dysfunction (13;14) and a predictor of mortality
(15;16).

To improve the recognition of gait and balance disorders, several classification schemes have
been proposed (17;18). In case of gait disorders, it is a common approach to define the type of
gait disorder according to the main presenting feature. Examples include an ataxic gait, a
dystonic gait, or a waddling gait. The typical way of teaching students and residents about such
gait disorders is to present a typical phenotype, and to list all the possible features associated
with this specific type of neurological gait disorder. However, this is not the way patients
usually present to the doctor in clinical practice. Indeed, patients may display only one or at
most a few abnormal gait or balance signs, and some of these may fit with different types of
neurological disorders. In this syllabus and in our video presentation, we therefore offer a new
approach to disorders of gait, balance and posture, taking typical presenting features as the
starting point for recognising the associated neurological syndrome, and for building a
differential diagnosis. So, as an example, rather than summarising the list of gait features
associated with a functional gait disorder (which can include a scissoring gait), we will discuss
the differential diagnosis of a patient presenting with a scissoring gait (which includes a
functional gait disorder, but also various other neurological conditions with a very different
cause, prognosis and treatment). Our presentation will be organised around Tables 1-3 that are
presented below, and which lists the most important presenting features of gait, balance and
postural disorders. The tables also list a set of suggested tests that can be used to elicit the
appropriate gait and balance features. The use of standardized rating scales can be helpful in
this regard, as these serve as a guide to perform several of the most important clinical tests.
Examples include generic scales, e.g. the Tinetti Mobility Index (19), and disease-specific scales,
e.g. the Rating Scale for Gait Evaluation in PD (20). During the presentation, we will present
illustrative videos of these various features, encouraging the audience to first define the key
presenting gait feature, and to then work up the associated differential diagnosis. We will also
emphasize and illustrate the appropriate performance of the most important gait and balance
tests.
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Table 1. Abnormalities that can be observed during sitting, during rising from sit-to-stance, and
during quiet upright stance. The second column lists the various signs that can be observed
during these portions of the neurological exam. The third column lists a few suggestions for the
differential diagnosis that is associated with each of these signs, without claiming to be
comprehensive.
Examination
Sitting

Abnormalities that can
be observed
Leaning sideways

Suggestions for the differential diagnosis
•
•

•
•

Arising from a
chair

Drifting backwards

•
•
•

Forward dropping of
the head
(disproportionate
antecollis)

•
•
•
•
•
•

Backward dropping of
the head (retrocollis)

•
•
•
•

Feet not brought under •
the body while arising –
inappropriate strategy
for arising
Slow, or requiring
•
multiple attempts, or
need to push off with

Vertebral column deformities
Pisa syndrome
o Drug-induced (e.g. dopamine
receptor
antagonists)
o Associated with neurodegeneration
(Alzheimer’s disease, PD, atypical
parkinsonism)
Pusher syndrome (unilateral thalamic
stroke)
Trunk dystonia (including idiopathic Pisa
syndrome)
PD, atypical parkinsonism (PSP)
Higher-level gait disorders
Trunk dystonia (opisthotonus), often druginduced (dopamine receptor antagonists)
MSA
ALS
Myasthenia gravis
Polymyositis
Focal posterior cervical myositis
Drug-induced (dopamine receptor agonists,
amantadine)
PSP
Cervical dystonia
Young-onset PD
Drug-induced (dopamine receptor
antagonists)
Higher-level gait disorders

Aspecific; e.g. proximal weakness, PD,
higher-level gait disorders

arms
Reckless rising (‘rocket
sign’)
Shaking of the legs
upon standing
(negative orthostatic
myoclonus)

Legs wide apart while
arising
Quiet standing
(eyes open)

•

PSP

•
•
•
•
•
•
•

Idiopathic orthostatic myoclonus
Survivors of postanoxic encephalopathy
Frontal vascular lesions
Atypical parkinsonism
Alzheimer’s disease
Normal pressure hydrocephalus
Sensitive but aspecific, e.g. vestibular
ataxia, sensory ataxia, cerebellar ataxia,
atypical parkinsonism, chorea
PD
Spastic paraparesis
Sensitive but aspecific, e.g. vestibular
ataxia, sensory ataxia, cerebellar ataxia,
atypical parkinsonism, chorea
Orthostatic tremor
Negative myoclonus
Functional
Dyskinesias (PD, Huntington’s disease, etc.)
Higher-level gait disorders
Functional
See sitting examination

Normal to narrowed
base of support
Widened base of
support

•
•
•

Progressive instability

•
•
•
•
•
•
•

Excessive spontaneous
sway

Leaning or drifting
sideways
Excessive trunk flexion, • Vertebral column deformities
that persists when lying
down
Excessive trunk flexion, • Trunk or hip weakness (myasthenia gravis,
disappears when lying
motoneuron disease, myopathies)
down
• Camptocormia (PD, atypical parkinsonism)
PD=Parkinson’s disease; MSA=multiple system atrophy; ALS=Amyotrophic lateral sclerosis;
PSP=progressive supranuclear palsy

Table 2. Abnormalities that can be observed during gait. The second column lists the various
signs that can be observed during these portions of the neurological exam. The third column
lists a few suggestions for the differential diagnosis that is associated with each of these signs,
without claiming to be comprehensive.
Element of gait
Gait initiation

Gait maintenance

Gait termination

Base width

Abnormalities that can
be observed
Difficulty starting

Sudden episodes of
inability to step,
particularly when turning
or when passing through
doorways (freezing of
gait)
Inability to stop
(festination)

Narrowed base of
support
Widened base of support

Scissoring of the legs

Unable to walk in a
straight line, sideways

Suggestions for the differential
diagnosis
• PD, atypical parkinsonism
• Primary progressive freezing
• Other causes of lower-body
parkinsonism (e.g. normal pressure
hydrocephalus, vascular
parkinsonism)
• PD, atypical parkinsonism
• Primary progressive freezing of gait
• Other causes of lower-body
parkinsonism (e.g normal pressure
hydrocephalus, vascular
parkinsonism)
• PD, atypical parkinsonism
• Other causes of lower-body
parkinsonism (e.g normal pressure
hydrocephalus, vascular
parkinsonism)
• PD
• Spastic paraparesis (e.g. hereditary
spastic paraplegia)
• Aspecific, e.g. atypical parkinsonism,
cerebellar ataxia, sensory ataxia,
vestibular ataxia, higher-level gait
disorders. Very wide base of support
in some functional disorders
• Spastic paraparesis (e.g. juvenile
cerebral palsy)
• Dystonia
• Higher-level gait disorder
• Huntington’s disease (scissoring due
to chorea)
• Compensation for freezing of gait
(e.g. PD)
• Functional
• Unilateral vestibular ataxia, unilateral
cerebellar ataxia (consistently

deviation (veering of gait)
•
Step length, step
height and cadence

Arm swing

Reduced step height

•
•

Small steps

•

Irregular step size
(cadence)

•
•
•
•

Reduced stance phase on
the affected side
(limping)
Unilaterally reduced arm
swing

•
•
•
•
•

Bilaterally reduced arm
swing

•
•
•

Excessive arm swing

•
•
•

veering into direction ipsilateral to
the lesion)
Functional (often veering from side
to side)
PD, parkinsonism
Foot drop due to:
• Neuropathy of common fibular
nerve or sciatic nerve.
• L5 radiculopathy
• Charcot Marie Tooth disease
• Muscular dystrophy
• Stroke or multiple sclerosis
(causing distal weakness)
Sensitive but aspecific sign:
o Caused by underlying
pathology: common in PD,
atypical parkinsonism and
normal pressure
hydrocephalus
o Compensation for perceived
instability, e.g. functional gait
Ataxia (cerebellar, vestibular)
Higher-level gait disorders
Chorea
Pain (antalgic gait); e.g. to trauma or
arthritis
Functional
Hemiparesis
Dystonia
PD
Orthopaedic or rheumatologic
disorders affecting the elbow or
shoulder joint
PD, parkinsonism
Dystonia
Orthopaedic or rheumatologic
disorders affecting the elbow or
shoulder joint
Chorea
Levodopa-induced dyskinesias
Normal pressure hydrocephalus (in
order to compensate for the poor

Tremor appearing in
hand during walking
Posturing with the arm

Movement fluidity

Dropped foot, lifting the
leg higher than normal
(steppage gait)

•
•
•
•
•
•
•
•
•
•
•
•
•

Knees giving way
(buckling of the knees)

•
•
•

Locking of the knees

•
•
•
•
•
•

Pelvis drop at side of the
swing leg, resulting in
alternating lateral trunk
movements (waddling
gait, bilateral
Trendelenburg gait)

•

•
•

body propulsion)
Hypotonia
Functional
PD, parkinsonism
PD, dystonia
Secondary to shoulder/neck injury
Alien limb phenomenon
Functional disorders
Neuropathy of common fibular nerve
or sciatic nerve.
L5 radiculopathy
Charcot Marie Tooth disease
Muscular dystrophy/myopathy
Stroke or multiple sclerosis (causing
distal weakness)
Foot dystonia (causing a functional
lengthening of the leg)
Functional
Quadriceps weakness (limb-girdle
myopathy, inclusion body myositis)
Increased knee extension moment
because of pes equines (e.g due to
upper motor neuron syndrome)
Cataplexy
Negative myoclonus
Dystonia
Cerebellar ataxia
Severe arthrosis/arthritis of the
knees
Compensation for quadriceps
weakness (e.g. limb-girdle myopathy,
IBM)
Bilateral proximal leg and hip girdle
muscle weakness. Common in
muscular dystrophy (e.g. LGMD,
FSHD, Duchenne’s muscular
dystrophy) and metabolic myopathy
(e.g. thyroid myopathy)
Bilateral L5 radiculopathy resulting in
weakness of m. gluteus medius
Secondary to joint instability (as in

Ehlers-Danlos syndrome)
• Many disorders, including myotonia,
dystonia, stiff man (or leg) syndrome
Bizarre gait pattern
• Chorea (including levodopa-induced
dyskinesias)
• Dystonia
• Higher-level gait disorders
• Functional
Twisting or turning in of
• Young onset PD (exercise-induced
the foot (foot dystonia)
dystonia)
• (Cerebrovascular) basal ganglia lesion
• Corticobasal degeneration
• Primary dystonia
• Functional
Gait speed
Slow
• Aspecific, perceived imbalance, PD,
higher level gait disorders, functional
gait disorders
Fast, safe
• Vestibular syndromes
• Orthostatic tremor
Fast, unsafe
• PSP
• Alzheimer’s disease
• Frontal disinhibition
FSHD=facioscapulohumeral dystrophy; LGMD= limb girdle muscular dystrophy; PD=Parkinson’s
disease; PSP=progressive supranuclear palsy
Stiff gait

Table 3. Additional tests that can be used to elicit the appropriate gait and balance features.
Test
Quiet standing
(eyes closed;
Romberg test)

Response to
external
perturbation
• Pull test
• Push-and
release
Walking (eyes
closed)
Turning of the head
during gait
Walking backward
compared to
walking forward
Regular walking
compared to
running
Tandem walking
Rapid 360 degree
turns on the spot
Walking with short
steps rapidly

Function
Implications
Helps
Increased sway, or unable to stand independently, can
differentiate be observed in sensory ataxia (sensory neuropathy)
Involuntary movements, as is drug-induced dyskinesias
or chorea
Excessive sway corrected by distraction is observed in
case of anxiety / functional disorders
Detection of Patients with postural instability respond with more
symptoms
than two steps, or take no steps at all

Helps
differentiate
Helps
differentiate
Helps
differentiate

Deviation to one side is seen in unilateral vestibular
ataxia, and unilateral cerebellar ataxia
Worsening of gait is seen in vestibular ataxia

Discrepancy with walking forward is seen in dystonia
(suggesting task-specificity) and functional gait
disorders (suggesting inconsistency)
Helps
Better running than regular walking can be seen in
differentiate dystonia, PD, and functional gait disorders
Helps
Tandem walking without side steps is preserved in PD,
differentiate but impaired in atypical parkinsonism, ataxia and other
problems with mediolateral instability
Detection of Frequently evokes freezing of gait
symptoms
Detection of Frequently evokes freezing of gait
symptoms

