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Gait Disorder: Introduction



Gait disorder: Introduction

▪ Gait disorder is very common and affects quality-of-life in the elderly.

▪ Prevalence: 30% in 60-97 years old population, >60% in over 80 years 
old population

▪ Cause: 75% neurological causes / 55% non-neurological causes
– 29% both neurological and non-neurological causes

▪ Impact: increase fall risk, decrease general condition and life expectan
cy



Elements for gait examination
l Spatiotemporal features
§ Velocity
§ Cadence
§ Step length
§ Asymmetry
§ Step width
§ Variability

l Lower extremity features
§ Weakness, pain, stiffness, dyskinesia

l Additional features
§ Upper extremities features
§ Posture
§ Other movements

l Episodic features
§ Freezing of gait (FOG)



Proposed classifications and pitfalls



▪ Medical teaching programs typically take classic clinical presentations as the 
starting point and present students with a representative constellation of 
features that jointly characterize a particular axial motor syndrome.

▪ However, patients rarely present in this way to a physician in clinical practice.

▪ Particularly in the early stages of a disease, patients might display just one 
(or at best only a few) abnormal signs of gait, balance or posture. 

▪ Importantly, these individual signs are never pathognomonic for any specific 
disorder but rather come with an associated differential diagnosis.

Nonnekes 2018



Spatiotemporal parameters



Recent perspective: 
Sign-based approach

Nonnekes 2018



Approach to gait disorders

Disease / gait disorder

Clinical presentation

Individual Sign 1

Individual Sign 2

Individual Sign 3

Individual Sign 1

Differential Diagnosis

Disease 1

Disease 2

Disease 3

Classic approach Sign-based approach



Approach to neurologic diseases
: Example - PD

Parkinson’s Disease

Clinical presentation

Bradykinesia

Rest tremor

Rigidity

Bradykinesia

Differential Diagnosis

Parkinson’s Disease

MSA-P

PSP

Classic approach Sign-based approach



Walking protocol for
instrumental gait analysis



Walking protocols comparison

Galna 2013
We recommend using a continuous walking protocol and to collect no fewer than 30 steps.



Demonstration: Normal Walking



Reference Values for Gait Parameters

Reference values in Korea University Guro Hospital



Specific gait disorder review
& application of gait analysis



Antalgic gait

Velocity Cadenc
e

Step
length

Asymm
etry

Step 
width

Variabili
ty

Additio
nal 
features

↓ ↓ ↓ ↑↑ = ↑ Limping

l Causes: orthopedic diseases
§ knee osteoarthritis, ankle sprain, foot fracture

l Affected limb: Decreased stance phase
l Unaffected limb: Decreased swing phase / step length



Demonstration: Antalgic gait Lt

Demonstration Normal



Coxalgic gait

Velocit
y

Cadenc
e

Step
length

Asymm
etry

Step 
width

Variabil
ity

Additio
nal 
feature
s

↓ ↓ ↓ ↑↑ = ↑ Limping
Truncal
lurch

l Causes: hip osteoarthritis
l Lurch toward affected side
l Affected limb: Decreased stance phase
l No contralateral hemipelvis drop down



Demonstration: Coxalgic gait Lt

Coxalgic gait Lt Antalgic gait Lt



Waddling gait (Trendelenburg gait)
Velocity Cadence Step

length
Asymme
try

Step 
width

Variabili
ty

Addition
al 
features

↓/= ↓/= ↓/= = = =/↑ Usually
bilateral
Trendele
nburg 
sign

l Causes: pelvic girdle, proximal muscle weakness, myopathy
l Trendelenburg sign: lurch toward affected side / contralateral 

hip drop due to gluteal muscle weakness
l Compensation: Lumbar hyperlordosis + flexed posture



Demonstration: Waddling gait

Demonstration 78/F Myopathy



Steppage gait (distal weakness)

Velocity Cadence Step
length

Asymmet
ry

Step 
width

Variabilit
y

Additiona
l features

↓/= ↓/= ↓↑ =/↑ = =/↑ Foot-drop
Drag-to
gait

l Causes: distal muscle weakness, neuropathy
l Steppage gait: lift the leg higher, ankle dorsiflexion weakness
l Drag-to gait: dragging d/t weak push-off, calf muscle weakness



Demonstration: Steppage gait



Spastic gait

Velocity Cadence Step
length

Asymmet
ry

Step 
width

Variabilit
y

Additiona
l features

↓ ↓ ↓ =/↑↑ =/↑/↓ ↑ Weakness
Circumdu
ction
Scissoring

l Causes: Hemiparesis or paraparesis
l Stiff gait: knee extension, plantar flexion in swing 

phase
l Spastic hemiparetic gait: circumduction, lurch to 

intact side
l Spastic paraparetic gait: myelopathy, cerebral 

palsy, scissor gait



Demonstration: Spastic gait Lt



Ataxic gait
- Cerebellar ataxic gait

Velocity Cadence Step
length

Asymmet
ry

Step 
width

Variabilit
y

Additiona
l features

↓ ↓ =/↑ = ↑↑ ↑ Ataxia
Staggerin
g

l Causes: cerebellar ataxia
l Neocerebellar lesion
§ Limb ataxia
§ Relatively uncommon falls

l Paleocerebellum
§ Severe postural instability
§ Frequent falls



Demonstration: Ataxic gait

Demonstration M/76 Cerebellar ataxia Normal

Increased variability ! (CV)



Ataxic gait
- Sensory ataxic gait

Velocity Cadence Step
length

Asymmetr
y

Step width Variability Additional 
features

↓ ↓ =/↑ = ↑↑ ↑ Dysmetria
Romberg 
sign
Staggering

l Causes: proprioceptive dysfunction, sensory 
polyneuropathy, dorsal column lesions

l Loss of visual function causes marked worsening of 
ataxia
§ Romberg test, walking with closed eye

l Stomping gait



M/66 Sensory ataxic gait



Ataxic gait
- Vestibular ataxic gait

Velocity Cadence Step
length

Asymmetr
y

Step width Variability Additional 
features

↑ ↑ =/↑ = =/↑ ↑ Nystagmus,
N/V
Staggering

l Causes: unilateral / bilateral vestibulopathy, Meniere disease
l Vestibular symptoms and signs
§ Nystagmus, nausea/vomiting

l Acute dysfunction: deviation to lesion side
l Veering gait: consistent deviation from a straight line d/t unilateral chronic 

vestibular dysfunction
l Loss of visual function causes marked worsening



Bradykinetic/hypokinetic gait
- Parkinsonian gait

Velocity Cadence Step length Asymmetry Step width Variability Additional 
features

↓ ↑ ↓ ↑ ↓/= ↑ Parkinsonism
Flexed
posture
Shuffling

l Causes: Parkinson disease, Parkinson+
l Other characteristics may overlap
§ Freezing of gait, dyskinetic gait, higher-level gait 

disorder



Demonstration: Parkinsonian gait

Demonstration F/73 PD



Dyskinetic gait
- dystonic gait

Velocity Cadence Step
length

Asymme
try

Step 
width

Variabilit
y

Addition
al 
features

↓ ↓/= =/↑ =/↑ = =/↑ Dystonic 
posturing

l Causes: dystonia
l Bizarre gait, dystonic posturing
l Foot inversion, plantar flexion, tonic extension of big toe
l Sensory trick may improve gait
l Different motor program may improve gait
§ Backward walking or running



Dyskinetic gait
- choreic gait

Velocity Cadence Step
length

Asymmetr
y

Step width Variability Additional 
features

↓ ↓/= =/↑ =/↑ ↑ ↑↑ Chorea
Dancing 
gait

l Causes: chorea
l Bizarre dancing gait
l Marked increased irregularity (variability) gait parameters
l Purposeless jump, skip of steps, un-intended movement from walking 

direction
l Uncommon falls



Dyskinetic gait
- myoclonic gait

l Causes: myoclonus, hypoxic ischemic encephalopathy
l Bouncing gait – positive myoclonus
l Buckling gait – negative myoclonus
§ Also common in functional gait disorder

Velocity Cadence Step
length

Asymmetr
y

Step 
width

Variability Additional 
features

= = = = = ↑ Myoclonus



Higher level gait disorder (HLGD)

l Various terms: frontal gait disorder, gait apraxia, gait ignition failure, 
subcortical disequilibrium, frontal gait disequilibrium

l Causes: vascular parkinsonism, normal pressure hydrocephalus, frontal 
dysfunction, FTLD

l Freezing of gait, small steps, disequilibrium
l Fear of falling -> cautious gait

Velocity Cadence Step
length

Asymmet
ry

Step 
width

Variabilit
y

Additiona
l features

↓/= ↓↑ ↓ ↓↑ =/↑ ↑↑ FOG



Demonstration: HLGD



Episodic gait disorder
- Freezing of gait

l Short (rarely exceeding 30 seconds), intermittent episodes of an inability to 
initiate or maintain locomotion or perform a turn

l Feet are “glued” to the ground
l Provocation test: turn around (quickly)
l Severity: small steps forward -> trembling in place -> complete immobility
l Causes: primary progressive freezing of gait, PSP, CBS, advanced PD

Velocity Cadence Step
length

Asymmetr
y

Step 
width

Variability Additional 
features

↓/= ↑ ↓ = ↓↑ ↑ FOG



F/69 Freezing of gait



Functional gait disorder 
(psychogenic gait disorder)

l Bizarre gait
l Features of functional movement disorders (FMD)
§ Inconsistency, incongruency, distraction

l Generally uncommon, in association with FMD
l Pure functional gait: buckling gait m/c
l With FMD: excessive slow gait m/c
l More detailed descriptions in the next table

Velocity Cadence Step
length

Asymmetr
y

Step width Variability Additional 
features

↓/=/↑ ↓/=/↑ ↓/=/↑ ↓/=/↑ ↓/=/↑ ↓/=/↑ PSY 
movement



Suggestive features of 
functional gait disorders

Suggestive Features Caveats and Pitfalls

Variable, inconsistent pattern which is usually worsened when bystanders are 
present

Episodic weakness in myasthenia gravis, cataplexy, and paroxysmal dyskinesias

Incongruous with known gait disorders 
(bizarre)

Especially if consistent over time, might be caused by less-known conditions such as 
cataplexy, task-specific dystonic gait, or drug-induced dyskinesias

Rarely falls/injuries Exceptions with sometimes severe injuries have been described

Momentary fluctuations of stance and gait, often in response to suggestion
Excessive slowness (without sequence effect) or hesitation Pyramidal slowness

‘‘Psychogenic’’ Romberg test with a build-up of sway amplitudes after a silent 
latency or with improvement by distraction

Nonphysiologic pattern with uneconomic postures and wastage of muscular energy Dystonia

‘‘Walking on ice’’ gait pattern (small, cautious steps with fixed ankle joints) Cautious gait is often the presenting feature of organic diseases (eg, stiff person 
syndrome or orthostatic tremor)

Sudden buckling of the knees, usually without falling 
(the most common type of pure psychogenic gait disorder)

Abrupt onset Stroke, etc

Incongruous affect (la belle indifference) Not easily assessable

Secondary gain Not easily assessable, especially with long disease duration

Prior or actual history of psychiatric disease Common in many organic conditions (eg, dementia), ‘‘fear of falling’’ in case of 
balance disorders



Level Anatomic
level

Gait disorder Velocity Cadence Step
length

Asymme
try

Step 
width

Variabilit
y

Additional features Etiology

Lower Orthopedi
c

Antalgic gait ↓ ↓ ↓ ↑↑ = ↑ Limping Distal orthopedic diseases
knee osteoarthritis, ankle sprain, foot 
fracture

Coxalgic gait ↓ ↓ ↓ ↑↑ = ↑ Limping
Truncal lurch

Hip osteoarthritis

Neuromu
scular
(peripher
al)

Waddling gait ↓/= ↓/= ↓/= = = =/↑ Usually bilateral
Trendelenburg sign

Pelvic girdle, proximal muscle weakness, 
myopathy

Steppage gait ↓/= ↓/= ↓↑ =/↑ = =/↑ Foot-drop
Drag-to gait

Distal muscle weakness, neuropathy

Interme
diate

Spinal
cord

Spastic gait (para-paretic) ↓ ↓ ↓ =/↑↑ ↓/=/↑ ↑ Weakness
Scissoring

Hemiparesis or paraparesis

Sensory ataxic gait ↓ ↓ =/↑ = ↑↑ ↑ Dysmetria
Romberg sign
Staggering

Proprioceptive dysfunction, sensory 
polyneuropathy, dorsal column lesions

Brain Spastic gait (para- or hemi-
paretic)

↓ ↓ ↓ =/↑↑ ↓/=/↑ ↑ Weakness
Circumduction
Scissoring

Hemiparesis or paraparesis

Ataxic gait
Sensory ataxic gait ↓ ↓ =/↑ = ↑↑ ↑ Dysmetria, Romberg sign, 

Staggering
Proprioceptive dysfunction

Cerebellar ataxic gait ↓ ↓ =/↑ = ↑↑ ↑ Ataxia, Staggering Cerebellar ataxia

Vestibular ataxic gait ↑ ↑ =/↑ = =/↑ ↑ Nystagmus, N/V, Staggering Unilateral / bilateral vestibulopathy, Meniere 
disease

Bradykinetic/hypokinetic gait ↓ ↑ ↓ ↑ ↓/= ↑ Parkinsonism, Flexed posture,
Shuffling

Parkinson’s disease, other Parkinson 
syndrome

Dyskinetic gait
Dystonic gait ↓ ↓/= =/↑ =/↑ = =/↑ Dystonic posturing Dystonia

Choreic gait ↓ ↓/= =/↑ =/↑ ↑ ↑↑ Chorea, Dancing gait Chorea

Myoclonic gait = = = = = ↑ Myoclonus Positive / negative myoclonus

Higher Brain Higher level gait disorder ↓/= ↓↑ ↓ ↓↑ =/↑ ↑↑ FOG Vascular parkinsonism, normal pressure 
hydrocephalus, frontal dysfunction, FTLD

Freezing of gait ↓/= ↑ ↓ = ↓↑ ↑ FOG primary progressive freezing of gait, PSP, 
advanced PD, HLGD

Misc. Functional gait disorder ↓/=/↑ ↓/=/↑ ↓/=/↑ ↓/=/↑ ↓/=/↑ ↓/=/↑ Functional movement disorders Functional movement disorders



Approach to gait disorders

Disease

Clinical presentation

Individual Sign 1

Individual Sign 2

Individual Sign 3

Individual Sign 1

Differential Diagnosis

Disease 1

Disease 2

Disease 3

Classic approach Sign-based approach

Both approaches are necessary!



Summary

▪ Phenomenology of gait disorders
– Causes of gait disorders include neurological, orthopedic, and psychiatric conditions 

(+medical conditions).
– Multifactorial etiology becomes more common with advancing age.

▪ Clinical application of instrumental gait analysis
– Spatiotemporal gait parameters are often overlapped among different gait 

disorders and various within one disease.
– Instrumental gait analysis require further validation for differential diagnosis of gait 

disorders.
– Still, it has possible roles for mild gait impairments, follow-up, or measuring 

treatment response

▪ Detailed history taking, neurological examination, and both classic and 
sign-based approaches are mandatory to diagnose patients with gait 
disorders.
– especially in patients with complex gait features.



Thank you for your attention!!!






