
Supplementary Material 

METHODS 

Participants 

The parent study was powered to examine the effects of an intervention on FOG. Power 

analyses showed that 62 participants would be sufficient1. The present analysis, based on 

about 50% of the participants, was not explicitly powered and was a convenient sample. 

 

Self-Report of Questionnaires 

The Characterizing Freezing of Gait Questionnaire (CFOG-Q) contains 35 self-report items, 

divided into four sections: 1. The presence, severity, and responsiveness of FOG to 

treatment. 2. Triggers of FOG. 3. The effectiveness of strategies to reduce or overcome FOG 

4. The presence and severity of other types of freezing like upper limb freezing2. For the 

present analyses, part four (other types of freezing) was not included. The CFOG-Q was 

developed to quantify heterogeneity in freezing behavior, rather than for quantifying the 

severity of FOG3. 

The New Freezing of Gait Questionnaire (NFOG-Q) consists of three parts. The first part 

distinguishes between freezers and non-freezers, while the second part assesses the freezing 

severity based on the frequency and duration of FOG episodes during gait initiation and 

turning. The third part evaluates the impact of FOG on daily life4. It is an easy and quick way 

to differentiate between freezers and non-freezers, but it is considered insufficiently reliable 

to detect small changes in FOG severity5. 

 



Unsupervised Daily-Living Monitoring 

The unsupervised daily-living activities were also monitored for seven days using a small 

activity monitor. The accelerometer was covered with a hypafix bandage and attached with a 

hydrogel adhesive positioned on the participant’s lower back at the level of the fifth lumbar 

vertebra. The accelerometer (AX3, Newcastle, United Kingdom) is recorded with a sample 

frequency of 100 Hz. A previously described algorithm automatically identifies the different 

activities throughout the day such as walking, lying, standing and sitting1,6.  

 

Supervised In-Home Testing  

To characterize the study cohort in the home setting, disease severity was evaluated using the 

Hoehn and Yahr staging scale7 and the Movement Disorder Society-Unified Parkinson’s 

Disease Rating Scale (MDS-UPDRS)8. The MDS-UPDRS part 3 (motor functions) was evaluated 

OFF and ON dopaminergic medication. Quality of life was assessed using PD Questionnaire9 

and real-life functional mobility with the Life-Space Assessment10. To evaluate fear and fall 

risk, the Parkinson Anxiety Scale11 and Falls Efficacy Scale International12 were used. Cognitive 

function was assessed with the Mini-Mental State Examination (26-item version)13 and 

Montreal Cognitive Assessment14. The Mini-Balance Evaluation Systems Test15 assessed 

postural control (Table 1).  

 

Signal Processing 

First, signal windows were processed similarly during the online procedure. Next, windows 

identified as FOG (FOG-windows) were put together in a block if the distance between FOG-



windows was up to 3 windows (thus, considering the 0.5 steps, FOG-windows could be 

maximally 1.5 seconds apart to be considered in the same block). Then the duration of these 

blocks was calculated as the number of windows in the block multiplied by 0.5 seconds (the 

step of overlapping windows). Blocks that were at least one second long (2 consecutive 

windows) were considered as probable FOG events, with the corresponding duration. 

 

Technical Validation of the %TF in Daily Living Obtained With the DeFOG Algorithm 

Sensor data and corresponding video-based labels of FOG presence from three datasets were 

used to provide a first technical validation (comparison with a gold standard, which is video-

rating of FOG events) of the %TF obtained with the DeFOG FOG-detection algorithm. 

The three datasets were:  

1) CuPiD dataset16: 18 participants performing a FOG-provoking protocol, including several 

tasks in a laboratory setting (such as Figure of 8, passing through a door, straight walking, 

180-degree and 360-degree turns while walking in circles) and a hospital tour. 

2) Leuven DeFOG pilot dataset: 2 participants performing a FOG provoking protocol in a 

laboratory setting with tasks such as 360 turns in place, zig-zag walking past obstacles, 

passing through doors, moving a chair, turning around the chair, and sitting down. 

3) DeFOG FOG provoking dataset in Tel Aviv and Leuven’s sites1: 11 participants performing 

the FOG-provoking protocol during the assessments in the home setting at T1 (baseline) and 

T2 (follow-up) in two different conditions (OFF and ON medication). We considered the data 

from a specific person in a specific combination of time and condition as a single unit when 

averaging the results (e.g., the data from participant 1 in T1 in the OFF condition is one unit 



and the data from participant 1 in T1 and ON condition is a different unit (as participant 1 in 

T2 in the OFF (or ON) condition). So, up to 4 units can be related to the same participant. The 

final total of units was 33 for this dataset (for some participants, not all the 

assessment/condition combinations were present due to technical or other issues). 

By considering these datasets, there is a total of 53 units (a unit is a subject for the first two 

datasets and a combination of subject, assessment, and condition in the third dataset). 

For each unit, we computed the total %TF based on the DeFOG algorithm, considering all the 

tasks related to that specific unit (i.e., the sum of all the FOG events durations identified in 

all tasks divided by the sum of the duration of the recorded signals in all tasks). Then, we 

compared this to the %TF similarly obtained by video ratings. 

The first preliminary analysis was a correlation analysis, which showed, as expected, a 

significant positive correlation between %TFDeFOG and %TFvideo is 0.52 (p≤0.001). 

The other two evaluation methods, were the analysis of agreement (Bland-Altman plot) and 

reliability (IntraClass Correlation Coefficient, ICC). 

In the first, the Bland-Altman plot (see Supplementary Figure 2), reported below, shows a 

low bias (~1%) and a minimal detectable change around 13%. As a note, it can be seen that 

for low values of %TF, it seems that there are smaller differences (the algorithm works 

better).  

In the second, we found a moderate absolute and consistency ICC (0.4<ICC<0.7), with 

ICCconsistency= 0.4703 and ICCabsolute=0.4649. 

These results provide a first validation of the %TF obtained from the DeFOG algorithm. As a 

limitation, the datasets used for validation are mainly made of structured or semi-structured 



(e.g. hospital tour) tests, which cannot fully mimic the unsupervised daily activities of 

people. Also, the first two datasets are related to data collected in a laboratory setting and 

transferability of results between the laboratory and home/real-life might not be 

guaranteed. These limitations are inherent to the necessity of having video-based labels to 

use as the gold standard for comparison and are common to all current state-of-the art 

tools.  

When analyzing the presented results, one should also consider that the DeFOG algorithm 

was designed for daily living and therefore was not optimized or tuned for specific tasks that 

are present in these datasets but may be very infrequent in daily life (e.g., full 360 degree 

turns).  

 

Statistical Analyses  

%TF single task =
time spent frozen during the task x 100

duration task
  

 

%TF provoking protocol (all tasks) =
time spent frozen during all tasks x 100

duration all tasks
  

 

FOG episodes per hour =
total number of FOG episodes

observation time
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