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Quantifying motor symptom severity 
from videorecordings

Overarching Goal:  
    Objectively measure severity of motor symptoms in isolated dystonia 

Scope:   
blepharospasm (BSP) 
cervical dystonia (CD) 
laryngeal dystonia (LD)

Overall Approach:  
Develop software that recognizes motor abnormalities using 
video recordings (“CMOR”, the Computational Motor 
Objective Rater)

Test CMOR’s convergent validity with clinical ratings of 
severity
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Why a focus on motor symptoms?

Motor 
severity 

Disability     Pain 

Quality of Life 
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• epidemiological data 
• research into mechanisms 

 (imaging, neurophysiology, histopathology, genetics) 

• Natural history (progression, spread) 

• Clinical trials:  pre-/post-treatment 
 (new oral meds?, DBS, BoNT, rTMS, etc.)

Why is it important to measure severity?



5

• Most clinical rating scales: 
• map descriptions to numbers: 

(none = 0, mild = 1, moderate = 2, severe = 3, etc.) 

• are based on human judgement, i.e. subjective

How is severity currently measured?: 
clinical rating scales (CRS)

Measured 
treatment 
outcome 
variability

Treatment 
outcome 
variability

Measurement 
variability

• Concerns about intra- and inter-rater reliability 
• The issue isn’t accuracy per se, but consistency 

(subjective isn’t wrong, just highly variable)

• Some trials exhibit improvements in objective 
measures but not with CRSs (Ralf Reilmann, MDS 2018)
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Distribution of subjective and objective 
severity measure use:  an example 

(review of 73 publications on musician’s FHD 
that quantified motor symptoms)

Peterson et al. 2013 Neurol (see also Morris 2018 Mov Disord:  acoustics for embouchure)
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Why video ? 
(vs. kinematics, EMG, etc.)

• Clinical utility 
• Minimal additional resource requirements 

• equipment 
• expertise 
• time 

• Pervasive in movement disorders

• Obvious extension to mobile platforms

• Less physically obtrusive  
(vs. markers, EMG electrodes, etc.) 

• minimize observer effect!
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BSP:  eye closure



9Peterson et al. 2016 Neurology

Convergent validity with clinical ratings 
(BFM, GDRS, JRS)
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BSP:  beyond eye closure 
(with Brian Berman and Mark Hallett)

• Blinks 
• Spasms (of various duration) 
• Apraxia of eyelid opening

Contents lists available at ScienceDirect

Computers in Biology and Medicine

journal homepage: www.elsevier.com/locate/compbiomed

A neural network-based software to recognise blepharospasm symptoms and
to measure eye closure time

Gianpaolo F. Trottaa, Roberta Pellicciarib, Antonio Boccaccioa,*, Antonio Brunettic,
Giacomo D. Cascaranoc, Vito M. Manghisia, Michele Fiorentinoa, Antonio E. Uvaa,
Giovanni Defaziod, Vitoantonio Bevilacquac
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A B S T R A C T

Blepharospasm (BSP) is an adult-onset focal dystonia with phenomenologically heterogeneous effects, including,
but not limited to, blinks, brief or prolonged spasms, and a narrowing or closure of the eyelids. In spite of the
clear and well-known symptomatology, objectively rating the severity of this dystonia is a rather complex task
since BSP symptoms are so subtle and hardly perceptible that even expert neurologists can rate the gravity of the
pathology differently in the same patients. Software tools have been developed to help clinicians in the rating
procedure. Currently, a computerised video-based system is available that is capable of objectively determining
the eye closure time, however, it cannot distinguish the typical symptoms of the pathology. In this study, we
attempt to take a step forward by proposing a neural network-based software able not only to measure the eye
closure, time but also to recognise and count the typical blepharospasm symptoms. The software, after detecting
the state of the eyes (open or closed), the movement of specific facial landmarks, and properly implementing
artificial neural networks with an optimised topology, can recognise blinking, and brief and prolonged spasms.
Comparing the software predictions with the observations of an expert neurologist allowed assessment of the
sensitivity and specificity of the proposed software. The levels of sensitivity were high for recognising brief and
prolonged spasms but were lower in the case of blinks. The proposed software is an automatic tool capable of
making objective ‘measurements’ of blepharospasm symptoms.

1. Introduction

Idiopathic blepharospasm (BSP) is an adult-onset focal dystonia that
is commonly characterised by bilateral, synchronous, and symmetric
dystonic spasms in the Orbicularis Oculi (OO) muscle [1–4]. Dystonic
spasms can be phenomenologically heterogeneous, with either brief or
prolonged spasms and a narrowing or closure of the eyelids [5]. In
addition to spasms, patients affected by BSP might present a spectrum
of additional signs/symptoms, including sensory symptoms in the eyes
that indicate ocular diseases (e.g. dry eye syndrome) [6], an increased
spontaneous blink rate [7], the presence of sensory tricks (stretching,
massaging, or touching the eyebrow, the eyelid, or the forehead) to
transiently improve eyelid spasms, apraxia of eyelid opening [8], and
dystonia in other body parts. Clinical evaluation of BSP severity poses a
number of challenges and several drawbacks might limit the

widespread use of most of the existing severity scales. Since involuntary
eye closure is the most disabling BSP feature, it would be reasonable to
assume that objective measures of eye closure might be a good measure
of BSP severity. Recently, algorithms have been developed that, based
on the analysis of standard video recordings, measure the percentage of
time the patients’ eyes were closed while they were instructed to keep
them open [9]. However, such a methodology allows only the total time
of eye closure to be measured, without identifying the events con-
tributing to the episodes of eye closure, that is, blinking, brief spasm
with complete eye closure, and prolonged spasms with complete eye
closure. The relevance of these phenomenological aspects in the eva-
luation of BSP severity is supported by recent evidence indicating that
the type of spasm might identify BSP subtypes that are characterised by
varying severity and the tendency of dystonia to spread to adjacent
anatomic regions [1].

https://doi.org/10.1016/j.compbiomed.2019.103376
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The values of percentage of closure time were computed for all the
patients and correlated with the severity index values SIn evaluated by
the expert neurologist according to the Blepharospasm Severity Rating
Scale (BSRS) scale (Fig. 11 (a)). Details of the BSRS scale and the
modalities to compute SIn are given in Appendix B.

The values of the severity index (BSRS) were also correlated with
the percentage of total closure time. If ftotce is the total number of frames
registered in the last two minutes of the clinical tests and characterised
from having closed eyes, the percentage of total closure time ttot can be
computed as:

= ×t
f
f

100tot
totce

tot (5)

The values of the severity index (BSRS) were diagrammed as a
function of ttot, and a linear regression line was also included in the
diagram (Fig. 11 (b)).

It is worth noting that the proposed software is not capable of
evaluating the index severity values SIn according to the
Blepharospasm Severity Rating Scale (BSRS). The BSRS scale, in fact,
includes six items, for each of which a score S must be assigned ac-
cording to specific criteria (further details on the BSRS scale are re-
ported in Appendix B). Among others, the BSRS includes item A2 which
regards the apraxia of eyelid opening and item A3 which concerns the
spasms occurring during the writing of the stereotyped sentence (i.e.
the step (viii)). Due to how the system is designed, it is not capable of
assigning a score for the items A2 and A3. However, we found that by
only considering the ‘measurable’ items and summing up the scores
given to each of the measurable items, the software gives output values
of (measurable) severity index SIn_m (see the definition of the mea-
surable severity index in Appendix B) that are consistent with the
corresponding values determined by the expert neurologist (Spearman
rho 0.863, p-value 0.003) (Fig. 12). Significant values of the Spearman
correlation coefficients can also be found considering the score given to
individual ‘measurable’ items computed by the software and the score
determined by the expert neurologist (Table 5).

4. Discussion

The sensitivity SE of the software was excellent for prolonged
spasms and satisfactory for brief spasms (Fig. 10). Lower values of
sensitivity were, however, found in the case of blinks; a confusion re-
lated to the imperceptible difference between blinks and brief spasms
was probably responsible for this result. Proof of this is given by the
satisfactory level of sensitivity computed in the case when blinks and
brief spasms are combined in the same folder. The high levels of spe-
cificity SP demonstrate the capability of the proposed software to dis-
tinguish the non-pathological conditions.

High Spearman correlation coefficients were computed for brief
(Spearman rho 0.684, p-value 0.042) and prolonged (Spearman rho
0.783, p-value 0.022) spasms (Fig. 11(a)). A very low correlation coef-
ficient was, by contrast, found in the case of the blinks (p-value n.s.),
which indicates that no clear correlation exists between tblink and the
severity index SIn values. In reality, it is worth noting that the severity
index values SIn reported in the diagram take into account, in addition
to blinks, also other symptoms. Considering that the weight blinks have
on this severity scale is very small compared to the weight of the other
symptoms (practically, only item B1 partially depends on the number of

Fig. 10. Values of sensitivity SE and specificity SP obtained with the proposed
software for the different investigated symptoms.

Fig. 11. Correlation between: (a) the severity index SIn determined by the
expert neurologist and the percentages of closure time for the investigated
symptoms and; (b) the severity index SIn determined by the expert neurologist
and the total closure time.

Fig. 12. Correlation between the measurable severity index SIn_m computed by
the software and that determined by the expert neurologist.
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BSP:  spasms

 

Overall analysis approach.  The basic template for our approach is depicted in Fig. 5.  For each 
Aim, we will evaluate our computational video-based metrics’ diagnostic accuracy by testing our 
hypothesis that the metrics can distinguish the two groups.  We should make clear that we are not trying 
to determine which is more accurate – the CMOR category or the clinical category.  Indeed, there is no 
ground truth or gold standard method for diagnosing BSP.   
 
 BSP “features”  The three 
major features of BSP:  excessive 
blinking, spasms of the orbicularis 
oculi (OO) and other periocular 
muscles, and apraxia of lid opening 
(ALO; defined below) – are included 
as separate items for the BSP Severity 
Rating Scale (BSRS; Defazio 2015).  
It was developed and validated with a 
separate cohort of 70 BSP patients.  In 
brief, blinks are defined as movement 
limited to the eyelid, do not involve 
the orbital portion of the OO or other 
surrounding muscles, and are normally 
very short. Spasms are defined as 
complete or partial lid narrowing with 
accompanying evidence of activation 
of additional facial muscles beyond the 
pre-tarsal OO, as evidenced by 
additional movements of other regions 
of the face during eye closures, such as 
downward movement of the eyebrow 
or upward movement of the lower eye 
region, often leading to either a 
squinting or “squinching” appearance 
(see Fig. 6).  The severity rating is 
based on the duration and intensity of 
spasms.  ALO is defined as failure of 
eye opening, despite voluntary attempts 
to open the eyes, as evidenced by 
delayed eyelid opening combined with 
frontalis muscle activation and 
corresponding upward movement of 
the eyebrow (see Fig. 7) or use of the 
fingers or a “sensory trick” to open the 
eyes. 
 CMOR measures of BSP features.  
We have constructed provisional 
“event detectors” for each of the 3 BSP 
features with simple heuristics based on the operational definitions in the BSRS and the BSRS training 
videos.  Briefly, blinks will be detected as eye closures identical to our previous report on CERT and eye 
closure in BSP (Peterson 2016), but excluding periods with simultaneous spasms or ALO.  Spasms will 
be defined as reduced eye opening (a lower threshold for closure than used for full blinks) in 

  

  
Fig 6. CMOR spasm detection, based on periocular muscle activity. 
Patient on the right exhibits spasms with and (in the instant shown) 

without complete eye closure (au, arbitrary units). 

  

  

Fig 7. CMOR detection of apraxia of eyelid opening (ALO), 
associated with frontalis muscle activity.  Patient on the right 

exhibits multiple periods of ALO within the 16 s video recording 
(au, arbitrary units). 
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BSP:  apraxia of lid opening

 

Overall analysis approach.  The basic template for our approach is depicted in Fig. 5.  For each 
Aim, we will evaluate our computational video-based metrics’ diagnostic accuracy by testing our 
hypothesis that the metrics can distinguish the two groups.  We should make clear that we are not trying 
to determine which is more accurate – the CMOR category or the clinical category.  Indeed, there is no 
ground truth or gold standard method for diagnosing BSP.   
 
 BSP “features”  The three 
major features of BSP:  excessive 
blinking, spasms of the orbicularis 
oculi (OO) and other periocular 
muscles, and apraxia of lid opening 
(ALO; defined below) – are included 
as separate items for the BSP Severity 
Rating Scale (BSRS; Defazio 2015).  
It was developed and validated with a 
separate cohort of 70 BSP patients.  In 
brief, blinks are defined as movement 
limited to the eyelid, do not involve 
the orbital portion of the OO or other 
surrounding muscles, and are normally 
very short. Spasms are defined as 
complete or partial lid narrowing with 
accompanying evidence of activation 
of additional facial muscles beyond the 
pre-tarsal OO, as evidenced by 
additional movements of other regions 
of the face during eye closures, such as 
downward movement of the eyebrow 
or upward movement of the lower eye 
region, often leading to either a 
squinting or “squinching” appearance 
(see Fig. 6).  The severity rating is 
based on the duration and intensity of 
spasms.  ALO is defined as failure of 
eye opening, despite voluntary attempts 
to open the eyes, as evidenced by 
delayed eyelid opening combined with 
frontalis muscle activation and 
corresponding upward movement of 
the eyebrow (see Fig. 7) or use of the 
fingers or a “sensory trick” to open the 
eyes. 
 CMOR measures of BSP features.  
We have constructed provisional 
“event detectors” for each of the 3 BSP 
features with simple heuristics based on the operational definitions in the BSRS and the BSRS training 
videos.  Briefly, blinks will be detected as eye closures identical to our previous report on CERT and eye 
closure in BSP (Peterson 2016), but excluding periods with simultaneous spasms or ALO.  Spasms will 
be defined as reduced eye opening (a lower threshold for closure than used for full blinks) in 

  

  
Fig 6. CMOR spasm detection, based on periocular muscle activity. 
Patient on the right exhibits spasms with and (in the instant shown) 

without complete eye closure (au, arbitrary units). 

  

  

Fig 7. CMOR detection of apraxia of eyelid opening (ALO), 
associated with frontalis muscle activity.  Patient on the right 

exhibits multiple periods of ALO within the 16 s video recording 
(au, arbitrary units). 
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CD:  capturing head posture 
(with Cindy Comella and Glenn Stebbins)

from Figure 1, Storer et al. 2009

anterocollis / retrocollis pitch
laterocollis roll
horizontal rotation yaw
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Head pose dynamics before (left), and four weeks after (right), BoNT 
 (angle, zero-meaned).  
[Patient Anonymous 2, frames 300:489 and 1876:2065]

CD:  BoNT treatment sensitivity

CMOR 
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Head tremor in CD 

(Qiyu Chen, Jeanne Vu)
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CD:  Capturing head tremor severity

Vu et al, MDS-PAS Abstract, 2020

CMOR 



18 images from video frames taken at 670 msec intervals (frames 16000, 16020, 16040, and 16060);  Patient TWSTRS SUBJ 3

… can transiently normalize head posture:

The “sensory trick” in CD 

(Elizabeth Cisneros)
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Sensory trick clinical ratings are so…. 
tricky

Cisneros et al. (under review)

patient: score_1 score_2 score_3 score_4 score_5
1 4 4 0 0 4
2 0 0 1 0 0
3 2 2 1 1 1
4 1 2 1 2 1
5 0 1 0 1 2
6 3 2 0 0 4
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Capturing the sensory trick efficacy 
with CMOR
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LD:  is severity evident in vocal fold dynamics  
(as seen in nasolaryngoscopic videos)? 

(with Gerald Berke and Abie Mendelsohn)
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Broader Relevance 
and future directions

Subtyping:   
CD: “jerky” vs. “regular” tremor 
(ET consensus definition took 6 years) 

LD:  ADSD v. ABSD ?  tremor? 

Basic research on mechanisms 
more temporally precise motor correlates? 
genotyping <—-> phenotyping 

Telemedicine and mobile implementation 
Including integration with PCO initiatives
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