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Freezing of gait (FOG) - clinical impact

Castro IRP et al 2023 MDCP; Camicioli R et al 2023

Perceived cause of falls, N=225; #falls = 805

Paul S et al  2013; Walton CC et al 2015 

= recurrent fallers = one-off fallers

Urgent need for robust assessment tools



Challenges of FOG assessment

2. Recall of self-reported freezing severity

3. Robust rating of observed freezing severity

4. Many validity issues with automated freezing detection

1. Lack of a solid definition of freezing Freezing is elusive



Definition  what is freezing?

Cockx H et al 2022 MDCP

 % Time Frozen

Challenges

1. Heterogeneity of the episodes

2. Absence of stepping? Concurrent motor phenomena?

3. Lack of standardization

Gilat M et al 2026; Nature reviews

Video annotation  poor interrater reliability

 time consuming



Self-reported freezing severity

Hulzinga F et al 2022 MDCP; Howe E et al 2026 EJN 

Challenges

1. Patient meaningfulness?

2. FOG impact daily life & emotional state

3. Psychometric validation

Ehgoetz Martens et al; submitted; Goris M et al 2024 

C-FOGNFOG-QFOG-Q

≠

Mismatch between self-report & observed FOG  79% unaware

Researchers  item selection

Test-retest reliability modest to good

Minimal detectable change  35% 

3 patiënt-reported questionnaires



Observed freezing severity

Zoetewei et al 2024 JPD; Howe E et al 2026 

Challenges

1. Task-dependent reliability  best protocol?

2. Best metric - frequency or duration? 

3. Responsiveness of ‘in-clinic’ testing

4. Fit for purpose – trial endpoint?

Ehgoetz Martens et al; submitted; 

Different protocols – difficulty of triggers?

Different constructs of severity (phenotype? …)

Different rating systems

14 clinician–rated protocols, real-time or video

Testing both ON & OFF  consistent triggering of FOG in 95.8%



Automated freezing detection

Singhal M. et al 2026; Yang et al 2026 NPJ

Challenges

1. Validation against ‘the’ gold standard

2. External validity  different data sets?

3. Transfer from machine learning environment to other settings? 

Mancini M et al 2025 JPD ; Singhal M et al 2026; Yang P et al 2026 (pictures)

Scoping review - 60 machine learning algorithm papers

Diversity of models: 22/60 based on a pre-labeled dataset





Principal Investigators: Prof. Jeff Hausdorff & Prof. Simon Lewis 

• 7 consortium partners in 5 countries

• N=107 people with FOG and 43 without FOG

• Both ON and OFF testing – 2X



New clinical outcome assessments of FOG

2. New patient reported outcome  PRO

3. New clinical Giladi-protocol  ClinRO

GP-FOG consortium; Howe E et al protocol paper; submitted; 

4. Algorithm validation of technology-based detection

1. Definition of FOG  validity video annotation



1. New clinical definition of FOG

GP-FOG consortium; reliability study ongoing; Gilat M et al 2026

Paroxysmal episodes wherein there is an inability to step effectively, despite attempting to do so



Sudden occurrence



Attempt = observable by the 

human eye or sensor technology 

or verified by self-report



‘Effectively’ = judged by the assessor 

against benchmark of typical, or quasi-

normal stepping in the same individual

Manifestations 

Akinetic                      No clinically observable movements in the lower limbs 

Kinetic-trembling       Fast oscillatory movements in the lower limbs

Kinetic-no-trembling  Other non-trembling ineffective movements, including paroxysmal shuffling and festination



1. New technical definition of FOG

GP-FOG consortium; unpublished and reliability study ongoing; Gilat M et al 2026

An episode can include cores and periods of ineffective stepping



1. Annotation based on technical definitions

GP-FOG consortium; unpublished and reliability study ongoing; Gilat M et al 2026

Towards standardized video annotation  onset, termination, manifestation

Training & certification reliability study ongoing

Towards a harmonized FR/NFR classification  possible, probable, definite



2. New FOG-QoL questionnaire - PRO

Ehgoetz Martens K et al; Mammens JR and Adams et al; unpublished; GP-FOG consortium; validity study ongoing

Phase 2 interview

1. Patient characterization of FOG experience

2. Assessing comprehension, completeness en relevance

3. Mapping FOG-experience on FOG-QoL items

Develop strong contents 

and construct validity

Phase 1 survey  mapping concept of interest and context of use

0 = never 1 = rarely 2 = sometimes 3 = often 4 = almost always

Freezing of gait negatively affects my emotions



2. New FOG-QoL questionnaire - PRO 

Slides from Ehgoetz Martens K & Erika Howe et al; Mammens JR and Adams et al; 

PRO-items (16) impacted by FOG and ranked by perceived relevance of patients

Convergent validity

NFOG-Q  ρ = 0.75 p<0,001

PDQ-8     ρ= 0.49 p<0,001

Divergent validity

Tremor  ρ= 0.01 NS



The FOG-QoL test-retest reliability 

ICC3,1= 0.87 (CI% 0.82-0.91) 

Slides from Ehgoetz Martens K & Erika Howe et al; Mammens JR and Adams J et al; 

1 wk apart

FOG-QOL is a reliable PRO — strong construct and content validity, captures the patient perspective



3. New Giladi protocol (GP-FOG) - ClinRO

Ehgoetz Martens K et al; unpublished; GP-FOG consortium; validity study ongoing; Zoetewei et al 2024 

1.Normal Walk 180°

2.Normal Walk + Mental DT 

97-3=94

94-3= ?

DT

3 m

1 m 1 m

6.Box shuffling

7.Box agility 

5.Walk through a door

& turn

3.Alternating Turning 360°

4.Turning + Mental DT 0.5 m

0.5 m

97-3=94

94-3= ?

DT

8.Walking while carrying 

3 m



3. Giladi protocol (GP-FOG) - ClinRO

Ehgoetz Martens K et al; unpublished; GP-FOG consortium; validity study ongoing; Zoetewei et al 2024 

Standardized tasks, performed separately and lasting 60 s. each

Frequency of episodes Estimated cumulative duration

0 = No freezing

1 = 1 brief FOG episode (lasting <1 s.)

2 = Many brief episodes (>1 episode) OR 1 long-lasting (>2 s.)

3 = Many long FOG episodes (>1 long-lasting episode)

4 = Unable/ assistance required

0 = No freezing;

1 = Mild (<10% trial frozen)

2 = Moderate (>10% and <50% trial frozen)

3 = Severe (>50% trial frozen)

4 = Unable/ assistance required



FOG in 13/43 (30%) self-

reported NFRs

3. New Giladi protocol - validity & responsiveness

Figures from Ehgoetz Martens K & Erika Howe et al; unpublished & preliminary

Convergent validity

OFF NFOG-Q  ρ = 0.59, p<0.001

ON  NFOG-Q   ρ = 0.52, p<0.001

Divergent validity

Tremor  ρ= -0.03 -0.06, NS

FOG in 105/107 (98%) self-

reported FRsResponsiveness to medication

Freezers: SRM = -0.7 [-0.92;-0.51]

GF-FOG Δ correlated with self-rated Δ  ρ = 0.6, p<0.001



3. New Giladi-protocol - reliability 

Slides from Ehgoetz Martens K & Erika Howe et al; Mammens JR and Adams J et al; 

GP-FOG is a valid, reliable and responsive ClinRO

ICC3,1= 0.95 (CI% 0.92-0.96) OFF ICC3,1= 0.91 (CI% 0.87-0.94) ON



4. Automated freezing detection - generalization

Figures Maaike Goris & Moran Gilat unpublished & preliminary

Algorithm performance in 3 different settings against expert annotation for %TF and # episodes

ICC (0.81 – 0.49)

ICC (0.7 – 0.46)

# FOG  and FOG duration 

ICC (0.88 – 0.84)

Trained

PerformedTrained

Performed

Performed



4. Automated freezing detection – optimization

Yang P; et al 2026 NPJ; Salomon et al 2026 

Algorithmic
accuracy

Different 
annotation
procedures

Different 
triggers & 

tasks

Different 
reference
outcomes

Different 
FOG 

definition

FOG 
frequency 

and 
durations

Methodological & 

data harmonization

 generalization

Individualized

algorithm finetuning

 Generalization 



Individual task/item analysis, refinement and reduction

Evaluate training modules for annotation & GP-FOG 

Analyze criterion validity  %TF

To do list for the consortium

Reliability of FOG assessment critically depends on use of high demand conditions



https://icfog.org/
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