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Abstract

Hypomimiais acommon symptom of Parkinson’s disease. Atthe present time, issues related to existence of interrelations
between hypomimia and manifestations of common hypokinesia remain under-investigated in aspects of both clinical
manifestations and rehabilitation efficacy. An objective method for facial muscle movement diagnostics is necessary
to achieve this goal. The article presents novel experience in application of a proprietary method using objective facial
expression assessment video analysis on the example of a healthy female subject and a female patient with Parkinson’s
disease. The Parkinson’s female patient had objective symptoms of hypomimia: a decrease in velocity and amplitude
of eyebrow and mouth movement, slow winking. Therefore, application of this method creates prerequisites for more
in-depth study of theoretical and clinical aspects in facial expression of Parkinson’s disease patients.
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As is commonly known, hypomimia — impairment of facial
expression — is among important clinical manifestations of
Parkinson’s disease (PD). The patient's face assumes mask-
like expression, slowness and decrease amplitude of facial
muscles is observed. At examination, the patient demonstrates
decreased winking frequency, lowered expressiveness of
eyebrow movement, weakened movement of the mouth varying
from spontaneous smile impairment to half-open resting mouth
[1-3]. Hypomimia combined with other motor and non-motor
PD symptoms decreases the patients’ quality of life [4, 5].
Decrease in facial expressiveness is assumed as manifestation
of indifference and detachment by other people, which in turn
leads to difficulties in social contacts and promotes appearance
of anxiety and depression disorders [6-8]. Generally, facial
expression is assessed subjectively [9, 10]. The most frequent
method used for hypomimia degree evaluation is a fragment
of the UPDRS making it possible to determine the degree of
facial muscle movement impairment according to a point system
with the degrees varying from 0 to 4 [11]. In clinical practice,
increased facial expressiveness in the PD patient is a sign of
effective dopaminergic therapy and other rehabilitation activities.

Presently, issues related to the interrelation between hypomimia
and general hypokinesia remain insufficiently studied. In
particular, it is not clear whether we may exert influence on
manifestations of hypokinesia through facial expressiveness
activation. Do such facial expressiveness activation methods
exist in medical practice? There is little data available [12].
Therefore, assessment of hypomimia manifestations is possibly
an important aspect in management of PD patients. A method
for objective analysis of velocity and amplitude of facial muscular
system movement is required in order to solve a number of
clinical and theoretical problems.

The aim of the study was to create a method for objective
evaluation of facial expression movements and assess its
diagnostic capabilities.

An objective method for assessment of facial expression
muscles movement has been developed at the department of
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neurological diseases with a course of postgraduate education
at the Prof. V.F. Voino-Yasenetsky Krasnoyarsk State Medical
University in collaboration with the Association “Mutual
Business Interests (Independent Association of Supplementary
Education)”. The method is based on computer video analysis
of facial expression and is a hardware and software suite
consisting of software created in the Visual Studio 2015
programming package using the PostgreSQL database
management system and a video camera with the resolution
of 1280x720. Assessment of facial muscle activity is performed
without immediate touching and via recording of a video with
a web camera. The software registers coordinates of 68 key
points on the face using an open-source library of computer
vision of the Python programming language. By this means,
motion of eyelids, eyebrows and lips is recorded. During
examination, the patient is offered to perform six diagnostic
tests at the doctor’s signal (see Table 1) that make it possible
to evaluate the velocity and amplitude of facial muscles. A total
of 10 seconds is given for performance of each of the first five
tests. The text-reading test has no time restrictions.

Table 1. Diagnostic tests for facial expression analysis

According to the data obtained, a digital database is
formed containing all aforementioned facial movement
parameters.

Below are results of facial expression video analysis results
after examination of a healthy female subject aged 73 and
a female PD patient aged 74 with an established diagnosis
of stage 2 PD according to Hoehn and Yahr Rating Scale,
akinetic-rigid-tremulous form. The disease duration was 5
years and the test was performed at the time of Levodopa
dose offset (see Table 2).

As it follows from the data presented, the analysis showed
significant difference between all spatial and temporal values
(decrease in movement amplitude and velocity in the PD
female patient). Higher indices of amplitude are observed in
the healthy subject: 1.5 times higher along the X axis and 2
times higher along the Y axis. The PD patient performed 1.5
times less smiles that the healthy subject. The area of the

Ne Diagnostic test Description Values analysed
1. Fast smile The patient is offered to smile as many times as -quantity of smiles in 10 seconds
possible and with the maximum amplitude . . .
-mean smile amplitude along the X axis (mm);
-mean distance between the upper and the lower lips along
the Y axis
2. Letter “O” The patient is offered to draw the letter “O” with shut -the area of the “O” letter drawn (mm?)
pursed lips
3. Winking The patient is offered to wink with maximum possible -quantity of winks in 10 seconds
frequency
4. Eyebrow The patient is offered to elevate eyebrows at maximum -quantity of eyebrow elevations in 10 seconds
elevation speed and amplitude . .
-mean distance along the X axis (mm)
-mean height of eyebrow elevation along the Y axis (mm)
5. Frowning The patient is offered to approximate the eyebrows and - quantity of frowns in 10 seconds;
split them back at maximum speed and amplitude .
- mean distance between the eyebrows
6. Text reading The patient is offered to read a text at a comfortable -mean amplitude of the smile along the X axis (mm);

pace

-mean distance between the upper and the lower lips along
the Y axis;

-mean distance between the eyebrows along the X axis
(mm)

-mean height of eyebrow elevation along the Y axis (mm)

-voice pitch (Hz)
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Table 2. Results of the objective analysis of facial expression in a clinically healthy female subject and a female PD patient

Ne Diagnostic test Values Healthy subject, 73 years old PD patient, 74 years old

1. Fast smile X of the mouth (mm) 24.05 16.71
Y of the mouth (mm) 21.66 10.73
Velocity (times/10 sec) 9 6

2. Letter “O” S (mm? 498 248

3. Winking Velocity (times/10 sec) 49 27

4. Eyebrow elevation X of the eyebrows (mm) 21.29 10.1
Y of the eyebrows (mm) 23.34 121
Velocity (times/10 sec) 10 7

5. Frowning X of the eyebrows (mm) 10.4 5.59
Velocity (times/10 sec) 8 6

6. Text reading X of the mouth (mm) 10.03 6.06
Y of the mouth (mm) 27.2 14.8
X of the eyebrows (mm) 2.4 2.25
Y of the eyebrows (mm) 24 1.24
Pitch (Hz) 187.5 187.5

“O” letter and the winking speed was almost two times higher
in the healthy subject. The eyebrow movement and frowning
amplitude was reduced twofold in the female PD patient
with a 1.5 times lower quantity of eyebrows elevations and
insignificant difference in frowning quantity. While reading
the text, the healthy subject performed twice more active lip
and eyebrows motion in comparison to the PD patient.

Objective facial expression evaluation revealed all main
manifestations of hypomimia in the female PD patient:
decrease in the amplitude and velocity of mouth and eyebrow
movement and winking.

It is possible that the proprietary method of facial expression
evaluation has prospects of assessment of its diagnostic
value with establishment of its sensitivity and specificity as
well as further implementation in clinical practice for analysis
of efficacy of conducted therapy and rehabilitation. It is also
planned to perform a larger-scale study on PD patients aimed
at assessment of the association between hypomimia and
general hypokinesia and gait impairment. The data obtained
may become the basis for development of rehabilitation
methods for correction of hypomimia and general hypokinesia.
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