
International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009,          Vol-5, Iss-3, Spl. Issue-2 Sep.-2017 
http://iraj.in 

A Comparison Study of Detection of Fog Episodes in Parkinson’s Disease Patients 
 

24 

A COMPARISON STUDY OF DETECTION OF FOG EPISODES IN 
PARKINSON’S DISEASE PATIENTS 

 
1NIVYA VENU A, 2LISA C 

 
1,2NCERC. Pampady, Thrissur, Kerala 

E-mail: 1 nivya.venugopalan@gmail.com, 2lisababu12@gmail.com 
 
 
Abstract - Freezing of Gait (FOG) is an incapacitating gait disorder in Parkinson’s disease (PD) patients that manifests as 
disruptions in walking with an abrupt and transient nature. Eventhough the patients with earlier stages of PD have been 
reported experiencing FOG, it becomes more frequent in later stages of PD. It is very exhausting and decreases the quality of 
life of PD patients. If FOG can be effectively detected before it happens, external cues can be provided to aid the patients to 
avert the freezing phenomenon. Accelerometer sensors are widely utilized to measure the patient’s movements. EMG 
sensors and EEG sensors are also utilized to accurately detect the FOG episodes. A comparison of this methods is given in 
this paper. FOG detection can be used in a broad spectrum of health applications for patient monitoring, to enhance the 
quality of life for PD patients, and to erode health care cost. 
 
Index Terms - Freezing of Gait(FOG), Parkinson’s Disease(PD), Gait Analysis, Accelerometer, Gait Disturbance. 
 
I. INTRODUCTION 
 
Parkinson’s disease (PD) is the second most 
neurodegenerative disorder. It results from the 
progressive loss of dopaminergic neurons and other 
sub-cortical neurons [3]. The dopaminergic neurons 
produce dopamine which is responsible for the 
normal movements in humans. So the degeneration of 
these neurons manifest as resting tremor, 
bradykinesia, a forward stooped posture, postural 
instability, rigidity, and freezing. The cause of PD is 
unknown (idiopathic), and although there is no 
complete cure, there are treatment options like 
medications and surgery available to manage the 
symptoms. Around 10 million people in the world are 
suffering from PD. Age is considered to be one of the 
most important risk factor. As the quantity of elderly 
people increase in the society, PD is considered to be 
a major health problem and the number of patients 
with parkinsons (PWP) may upsurge in the future 
years.  
 
Gait and balance disorders are a major therapeutic 
challenge in PD. These symptoms respond poorly to 
dopaminergic treatments, except in the early stages of 
the disease [2]. Freezing of gait (FOG) is one of the 
typical symptom that is more prevailing in the later 
stages of PD and is more than just a sign of advanced 
parkinson’s disease. It is defined as, “a brief, episodic 
absence of marked reduction of forward progression 
of the feet despite the intention to walk”. During FOG 
the patients’ gait is halted with a feeling of “the feet 
being glued to the ground”[1]. FOG lasts for less than 
a minute, but unlike normal people they experience: 
start hesitation, turn hesitation, hesitation in tight 
squares-FOG through narrow space, destination 
hesitation, and open-space hesitation [4].  
 
Falls occuring in patients with advanced PD can be 
related to FOG. As the disease progresses the shaking 

or tremor, freezing and other symptoms may begin to 
interfere with the daily life and It significantly 
reduces the quality of life. Above 40% of patients 
with postural imbalance have multiple falls that can 
often lead to injuries and fractures that need medical 
care. It reduces the productivity and the fear of 
walking results in social isolation [5]. 
 
The factors commonly induce FOG are turning, 
fatigue, confined spaces, stressful situations, and 
emotional factors. Since dopaminergic treatment 
partially assauges FOG, there are other strategies are 
developed to help the patients to overcome it. 
Somatosensory cues have been found to improve 
walking, with visual or attentional cues proposing 
more impact, followed by tactile, emotional and 
auditory cues [6], [8]. It is also found that demand 
cueing (only given when FOG episodes are detected) 
is more efficient than continuous cueing [7]. Cueing 
can also be used to overcome other mobility problems 
such as gait initiation failure and shuffling [6]. 
FOG is characterized by feeling of “being glued to 
the floor”. However, FOG can differentiate as three 
subtypes (“total akinesia”, “trembling in place”, and 
“shuffling with smallsteps”) [11]. Shuffling with 
small steps and trembling in place are the most 
common manifestations of FOG, but total akinesia is 
rare. Although several studies using laboratory based 
objective gait analysis methods have been reported on 
“trembling in place” [12], [13] , these methods are 
impractical in clinical setting. Therefore, clinical 
assessment of FOG is largely based on subjective 
methods [14], [15]. 
 
In clinical assessment, evaluation of PD is done based 
on the patient’s diaries, self reports, and patient report 
by doctors. However, these methods are subjected to  
perceptual and recall bias [9]. These offer limited 
benefit to the doctor to make their decisions and 
direct observation is not practical as the symptoms 
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cover a time span of several hours. Hospital stay or 
frequent visits to hospitals may be difficult and 
contribute to increase in financial cost. Due to this 
problem several rating scales have been developed 
such as, Unified Parkinson’s Disease Rating Scale 
(UPDRS), Activities of Daily Living (ADL), which 
rates symptoms on a scale of 0 (no sign of severity) to 
4 (highest sign of severity) [10]. 
 
II. ASSESSMENT OF FOG THROUGH 
QUESTIONNAIRE 
 
The main issue that FOG researchers face is the 
difficulty of pinpointing the origin and following the 
event due to its complexity and unpredictability. 
Though there are new approaches that have been 
addressed, not only to assess the kinematic aspects of 
FOG, but to classify the patients as freezers and non-
freezers[16],[17]. This classification only offers a 
window into possible mechanisms of FOG, and fails 
to distinguish if the groups are equal for other disease 
characteristics. The classification is purely subjective 
as the studies are done based on the questions asked 
to the patientsaccording to the Freezing of gait 
Questionnaire (FOG-Q). Even thoughthese FOG 
questionnaires proved reliable, it also became 
apparent that not all patients are able to give a correct 
appraisal of their own freezing problems [18]. 
 
III. RELATED WORK ON FOG THROUGH 
WEARABLE SENSORS 
 
3.1. Using Accelerometer sensors 
To elicit FOG in a laboratory setting, and thus 
undoubtedly distinguish “definite” from “probable” 
freezers, objective examinations have been attempted; 
rapid 360° turns when “off” medication comprised 
the most effective test [13]. The combination of this 
task with walking while dual-tasking has a sensitivity 
of 96 %.  The current ‘gold standard’ clinical method 
to assess freezing severity is to identify the number of 
episodes during a standardized gait test, whichcan be 
video taped and verified by other examiners [15]. 
Two clinical instruments for rating festination and 
FOG during FOG-eliciting circumstances have been 
validated and have shown a high interrater and test-
retest reliability[16,17]. Morris etal.[19] acquired 
video recordings during a timed up-and-go task from 
10 definite freezers but found the number of freezing 
episodes to be only moderately reliable (intraclass 
correlation coefficient 0.63). Hence, a new metric 
was recommended: the percentage time frozen, ie, the 
cumulative duration of freezing episodes divided by 
the total duration of the walking task. However, the 
intraclass correlation coefficient remained moderate 
(0.73). 
 
The review by Nutt and coworkers [1] referred to an 
alternative objective measure of using a freezing 
index [3] based on spectral analysis of vertical leg 

movements.Delval et al. [20] extended this work by 
detecting FOG episodes triggered by treadmill 
walking while avoiding unexpectedly appearing 
obstacles. Time-frequency analysis of knee 
goniometer data identified very brief FOG episodes 
with a sensitivity of 75% –83% and specificity above 
95 %. However only 5 out of the 10 definite freezers 
experienced FOG episodes, pointing to the likelihood 
that the treadmill acted as cue to overcome FOG [21]. 
Recent validity studies during over-ground 
performance of the timed-up-and-go task showed 
good correlations between clinical measures of FOG 
and various spectral analysis derived measures. These 
developments indicate that objective monitoring of 
FOG holds future promise to be used in standardized 
protocols [19, 22]. 
 
3.2. Using EMG sensors  
The process of normal walking is complex consisting 
of voluntary and automated sequences of motor 
patterns. The contribution of voluntary ant automatic 
motor mechanisms control in determining normal gait 
and postural control during walking is still under 
study. The encephalogram(EEG) allows non-invasive 
measurement of synchronous rhythmic activity in 
cortical region of the brain. By simultaneously 
recording the peripheral muscle activity (EMG) 
during walking, it is possible to look for cortical 
rhythmic activity that is correlated with the peripheral 
muscle activity and thus plays a crucial role in 
understanding the cortical control of movements[25].  
 
3.3. Using EEG sensors 
The above mentioned methods successfully 
investigate the behavioral aspects of FOG but are 
unsuitable for studying its underlying neural aspects 
using brain imaging. For this purpose, several 
alternative experimental approaches were validated as 
proxy-measures of FOG. Handojoseno et al used 
EEG to predict the onset of freezing at the earliest 
time before the actual FOG episodes, as oppose to 
detection, due to its ability to measure dynamic 
physiological change in the brain prior to the 
occurrence of movement disturbances. Using EEG, 
both cortical and subcortical activity can be studied 
through the time-varying changes in certain spectral 
bands, which also allow insights into the mechanism 
of FOG. Finally,the portability and relative ease of 
use of EEG make it far more useful for the mobile 
collection of brain activity data [23],[24]. Naismith 
and Lewis [31] developed a novel virtual gait 
paradigm in which participants navigated a realistic 
3-dimensional virtual environment by depressing foot 
pedals. Though the use of pedals may reduce the 
chance of freezing, the outcomes on the virtual gait 
task correlated with patients’ FOGQ scores. 
Subsequently, this paradigm was used in combination 
with functional magnetic resonance imaging (fMRI) 
[30]. Snijders et al.[32] used motor imagery (MI) of 
walking in freezing-provoking circumstances as a 
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substitute for FOG in combination with fMRI. This 
method exploits the large functional and neural 
overlap between motor planning and MI [26, 27], and 
has been successfully used to study locomotion in 
healthy persons via fMRI [28–30]. Another 
experimental approach was based on recent evidence 
that the freezing phenomenon involves speech or 
movements of the upper limbs as well [31, 20]. 
Freezing during repetitive upper limb movements was 
found in 82 % of freezers classified by the NFOG-Q 
and was well-correlated with FOG but not disease 
severity [9].  
 
DISCUSSION AND CONCLUSION 
 
Mazilu et al. [27] made an effort to capture changes 
in gait characteristics a few seconds before FoG from 
accelerometers set up on the subject’s ankle from 
DAPHnet dataset [28], in order to predict FoG. The 
use of body-fixed inertial measurement units (IMU) 
is encouraging, as these sensors are unobtrusive to 
wear in daily-life and are already linked in real-time 
systems that detect FoG ([27], [13], [29]). However, 
the findings from [27] suggest that acceleration can 
be informative for some of the subjects, but is limited 
in capturing changes in the gait just before FoG 
episodes, as there are other walking-related events 
which disturb the signal, such as turns. 
 
Handojoseno and colleagues ([23], [24], [28]) 
analyzed the dynamics of EEG signals before and 
during the onset of freezing periods, concentrating on 
the EEG power features that might have specific 
patterns while transition into FoG. The aim was to 
achieve an early detection of FoG from the recording 
of brain activity that could make it easier for the 
patients to avoid an imminent freeze episode. In a 
similar direction, Maidan et al. [30] observed the 
direct relationship between FoG during the turns and 
frontal lobe activity using functional Near-Infrared 
Spectroscopy (fNIRS). The changes in brain frontal 
lobe activation before and during FoG highlight the 
connections between motor planning, information 
processing and FoG, suggesting that there might be 
distinguishable patterns in the frontal lobe activity 
which happen just before FoG. However, the 
continuous, long-term monitoring of brain activity via 
EEG or fNIRS signals is not possible at the moment 
in daily-life scenarios. These systems have 
wearability issues, are expensive, and they are not 
commercially available. A practical system would 
consist of a wearable device that can be connected to 
the body to collect data to enhance FoG detection and 
prediction, and a smartphone for real-time data 
processing. Such systems offer the possibility of 
continuous gait monitoring and management in out-
of-the-lab settings, and could act like gait-assistants, 
which help the users to avoid the FoG episodes and 
maintain the gait. In addition to reducing the FoG 
incidence, the system should contribute to increasing 

the quality of life in Parkinson’s disease. Future 
works should analyze the effect of FoG-prediction 
and the start of rhythmical cueing during such 
situations on the gait performance in PD, both on 
short-term and long-term periods. 
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