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Abstract

The present work shows the quantitation of body movement in a motor physical therapy for Parkinson’s
Disease (PD). In recent years, many activities of therapy were carried out remotely using common RGB
cameras to capture the body movements. We analyze the body movements of 8 subjects with clinical diagnosis
of PD, and compare them with a control group of 11 healthy volunteers, processing their respective RGB

video recordings with a software that identifies 17 specific body keypoints while subjects perform two motor
rehabilitation therapies (cervical and lumbar spine). All videos were analyzed by OpenPose algorithm and
angles from keypoints detected were computed to infer the rotation, rate and amplitude of movement of head,
shoulder, back and pelvis. The results show that OpenPose algorithm could be used in a home environment
specially in follow-up and management of the motor rehabilitation therapy for Parkinson’s disease.
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1. Introduction of motor and nonmotor symptoms that may have a
direct effect on daily activities as well as in the patients
quality of life [9]. However, a conventional physical
therapy program that combines strength, resistance,
and flexibility exercises, as well as balance training,
could be effective to reduce the degree of motor disabil-
ity [4, 5, 7]. Attempts are being made to transfer care

and rehabilitation of PD from the hospital setting to the

The pace of population aging in recent years has
involved an increased and urgent request for rehabili-
tation therapies to effectively treat important illnesses
in old age. Conversely, there has not been an increase
of resources in terms of facilities and ad-hoc personnel
to address this demand. The reason is at least twofold.

First, an assisted rehabilitation process requires signif-
icant economic resources to accommodate the growing
request for rehabilitation. Secondly, there is insufficient
skilled staff to follow up, individually, all the patients
in need of rehabilitation [2]. Added to this situation is
the fact that in recent years, the consequences of the
COVID-19 pandemic meant that many activities were
carried out remotely, including medical rehabilitation
treatments [3]. Parkinson’s disease (PD) is one of the
neurodegenerative disorders where remote rehabilita-
tion could have major benefits. PD is considered the sec-
ond most common chronic neurodegenerative disorder
worldwide, clinically characterized by a constellation
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patient’s home, specifically focusing on: [10]

* Improve the patients quality of life, through a
reduction of transfer times and costs.

* Reduce medical costs by increasing the number
of patients treated in a single day, or by a single
professional unit.

* Expand rehabilitation
computer-assisted systems.

opportunities  using

Therefore, the development of technology allows
to expand the treatment capacity beyond the acute
phase of the disease and, at the same time, it
develops an intervention model aimed at replacing
the traditional one, that is, replacing face-to-face
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interaction between patient and physician/therapist.
Considering the application of distance medicine in
a home environment, there are several reports about
systems for the evaluation of body movements from
commonly used standard RGB video recordings [6].
Thus, the main aim of this work is to analyze
body movements of 8 subjects with clinical diagnosis
of Parkinson’s disease, and compare them with a
control group of 11 healthy volunteers, processing their
respective RGB video recordings with a software that
identifies 17 specific body keypoints while subjects
perform two motor rehabilitation therapies (cervical
and lumbar spine).

2. Methodology
2.1. Design.

Nineteen subjects (11 control and 8 with diagnosis
of PD) were enrolled to participate in this study. All
subjects were informed about the main objective of
the study and instructed to follow a protocol for the
video capture. A set of 4 body movement therapies
(2 for cervical spine and 2 for lumbar spine) were
instructed to be followed by all subjects and supervised
by physioterapist. All video recordings were analyzed
by a specific software that detect 17 body points in
order to compute indices of angles of rotation, rate
and amplitude of movement for head, shoulder, back
and pelvis respectively. A non-parametric statistical
analysis was performed in order to quantify the
significant differences (p<0.05) between groups. The
complete view of the study is shown in Fig. 1.

2.2. Participants.

Two subject groups were considered in this study: 11
healthy control volunteers (9 males, 2 females; 21.02 +
3.29 years old) and 8 subjects with clinical diagnosis
of Parkinson’s disease (6 males, 2 females; 57.64 +
9.04 years old). All subjects signed a responsability
letter to participate in the study according to
the Helsinki declaration [1] and approved by the
ethics committee of the Hospital General de México
"Dr. Eduardo Liceaga" (DI/22/601/04/17), and only
subjects with PD received economical compensation for
their participation involvement.

2.3. Video capture protocol.

The advantage of the camera-based approach is the
ability to detect motion from any regular RGB
video, however specific considerations (like space,
background, clothes, luminosity, field of view, image
resolution, etc.) must be considered in a video capture
protocol before the video acquisition. To facilitate
the key-points detection, the video capture protocol
consisted of:
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Figure 1. Schematic representation of the study.

* Selection of a large place as possible and free of
obstacles to prevent falls during the evolution of
the therapy exercises.

* Subjects wore clothes that allow them to stand out
from the rest of the objects in the background.

* The lighting was directed towards the front of a
person, in such a way that it illuminates its face
and does not create a shadow.

* There was no other person in the area and large
photos or portraits of people were avoided.

* A support for the video capture device was used
in all acquisition.

* The floor plane was the reference for the video
capture image.

* The resolution of video was 1920x1080 pixels
with 24 frames per second and the format of the
capture space was 16:9.

Each video was verified to validate that the entire
trainee’s body was in a correct position at the field
of view throughout the recording. At the same time,
manual categorization into specific groups was done
by a single rater. Border cases were excluded from the
analysis.
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Table 1. Relationship between therapy and the specific target
evaluated.

Target Code | Therapy
Cervical | CSO1 | -Left lateral tilt of only the head
spine CS02 | -Right lateral tilt of only the head

LS01 | -Hands on the waist and lateral
flexion of the trunk

LS02 | -Arm contralateral to flexion
extended to the sides of the
trunk above the head

Lumbar
spine

2.4. Physical therapy.

A physical therapy was designed by medical specialist
in rehabilitation in order to evaluate specific angles
related to the preservation of joint mobility and gross
motor coordination. These angles were quantified after
video recording by a small camera embedded into
a micro-controller board (OpenMV Cam H7 plus,
OpenMV) with capabilities to run a neural network
and identify 17 points of the body (shoulders, hips,
elbows, wrists, knees and ankles). Table 1 shows the
target evaluated while the subject performs a specific
therapy.

2.5. Video analysis.

In order to perform the rehabilitation therapy, the body
segments that belong to the appendicular skeleton are
very often measured [11]. These segments allow for
translational movement of the body targets through
repeated cyclic movements as described in section 2.4.
Video recordings of control and PD subjects were
analyzed by OpenPose algorithm [8] and angles
from keypoints detected were computed to infer the
rotation, rate and amplitude of movement of head,
shoulder, back and pelvis. Table 2 shows a schematic
representation of the computed angles while a subject
perform an specific therapy.

Motion indices (rotation, rate and amplitude) of
head, shoulders, back and pelvis were computed for all
subjects after performing the therapies for cervical and
lumbar spine respectively and were defined as follow:

* Rotation of the head was the angular change
of an horizontal imaginary plane formed by
keypoints detected for the mouth. Maximum
negative rotation values were computed when the
head had a maximum tilt to the left and maximum
positives values were computed for maximum tilt
to the right.

* Rotation of shoulders was the angular change of

an imaginary horizontal plane formed by detected
keypoints from left and right shoulders.

D EA

Table 2. Identification and nomenclature of the angles used in
continuous monitoring.

Computed angles for cervical spine

i e

¢, = Angle of the head rotation during CS02.
¢s, = Angle of the shoulder rotation during CS02.

¢ = Angle of the head rotation during CSO01.
¢s; = Angle of the shoulder rotation during CS01.

Computed angles for lumbar spine

|
|
|
L
|
|
|
|
|
\
J

¢pr = Angle of the back rotation during LS02.

¢p, = Angle of the pelvis rotation during LS02.
¢p; = Angle of the back rotation during left LS01.
¢p; = Angle of the pelvis rotation during left Ls01.

* Rotation of back was the angular change of
the trunk (a perpendicular imaginary plane that
starts in the midpoint between the femur greater
trochanters ending at the midpoint between
shoulders).

* Rotation of pelvis was the angular change of
an imaginary horizontal plane of left and right
trochanters.

* In all cases rate was defined by the number of
cycles per minute computed from rotation signal.
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¢ In all cases amplitude was the absolute difference
between consecutive minimum and maximum
values of the rotation signal.

3. Results and Discussions

In this work we compare motion indices of 8 subjects
with clinical diagnosis of Parkinson’s disease with those
computed for 11 healthy control volunteers to infer
the control motion parameters of two specific motor
rehabilitation therapies (cervical spine and lumbar
spine).

Table 3 depicts the keypoints computed by OpenPose
software for a control volunteer during an specific
therapy. Angles for head, shoulder, back and pelvis
are displayed overlaid on the image (see Table 2 for
reference and nomenclature). As observed, OpenPose
software has a high sensitivity to identify and follow
11 keypoints of face and 17 keypoints of trunk, lower
and upper extremities during the proposed therapies.
To achieve these results it is mandatory to follow the
video capture protocol described in subsection 2.2.

The first row of Table 3, concerning to cervical
spine target therapy, we observe at the central column
the reference (0 degrees of head rotation), and the
maximum rotation to right and left at the first and
third columns respectively. In maximum rotations can
be observed a slight difference between left and right
keypoints for shoulders (horizontal plane), despite of
the indication for this therapy is that the subject only
rotates the head.

In the second and third rows of Table 3, correspond-
ing to lumbar spine target therapy, we can observe in
the central column the reference (0 degrees of rotation
for pelvis and back), and the maximum rotation in the
first and third columns. Imaginary planes for shoulders,
back and pelvis are more evident and how it change
according to therapy.

Fig. 2 and Fig. 3 depicts the comparison indices
among of head and shoulders (rotation, rate and
amplitude) between a control subject and a PD patient
during the cervical spine therapy. Instantaneous rate
(in cycles per minute) and the instantaneous amplitude
(in grades) were computed using the minimum and
maximum peaks in the rotation plots (red points). For
head and shoulder the Control subject make 15 cycles
in 30 seconds while the PD patients makes only 10
cycles in 26 seconds. It means that instantaneous rate
of the PD patient is lower than the Control subject,
as can be observed in the second row of both figures.
Instantaneous amplitude for PD patients is bigger than
the Control subject in the middle of the exercise and
decreases suddenly at the end of the exercise. Rate and
amplitude behaviour can be explained by the stiffness
of movement as a consequence of PD. As previously
explained, despite the therapy indicates that the subject
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Figure 2. Rotation, rate and amplitude of the head while a
Control and a PD patient exercises their cervical spine (CS01).
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Figure 3. Rotation, rate and amplitude of shoulders while a
Control and a PD patient exercises their cervical spine (CS01).

only turns his head, we can observed that shoulders
have a similar pattern for rate although a marked
difference in amplitude. This results confirm the high
sensitivity of OpenPose algorithm to detect and follow
slight changes in the motion parameters. Special care
must be taken to quantify speed and amplitude of the
movement at the beginning or at the end of the exercise,
since, being of lower amplitude, there are limitations
to identify the maximum and minimum peaks, so these
parameters can be overestimated.

Table 4 summarize the motion parameters for head
and shoulders for all subjects after perform the cervical
spine therapy. Non-significant differences were found
in all parameters between PD and Control groups,
however all indices had a wider range for PD patients
than Control subjects. Distribution of the instantaneous
rate of head in PD patients was lower than Control
subjects (15.00-51.43 for PD vs 21.18-45.57 for Control
in CS01, and 8.78-53.33 for PD vs 17.14-50.00 for
Control in CS02), showing the effects of stiffness
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Table 3. Keypoints and computed angles for a control volunteer in all therapy excercises.

Target

Keypoints and angles

Cervical spine

Lumbar spine

movement as a consequence of the disease. Distribution
of instantaneous amplitude of head in PD patients was
greater than control subjects (14.19-65.50 for PD vs
14.36-53.75 for Control in CS01, and 5.17-65.67 for PD
vs 7.04-49.56 for Control in CS02), showing that PD
patients have a less control of the movement. Similar
results can be observed for indices of shoulder, which
suggest that PD patients tend to have a less control
of the movement with lower instantaneous rate and
greater instantaneous amplitude, however they were in
different stages of the disease such that they were non-
statistically different from the control group.

Fig. 4 and Fig. 5 depicts the comparison indices
among of back and pelvis (rotation, rate and amplitude)
between a control subject and a PD patient during the
lumbar spine therapy. In both figures can be observed
that PD patient make 10 cycles in 60 seconds while the
PD patients makes 8 cycles in 30 seconds. These results
confirm that instantaneous rate of the PD patient was

lower than the Control subject but a less variability of
the trace can be observed too. For back, instantaneous
amplitude of the PD patient was lower than the Control
subject in all the exercise, having a tendency to increase
at the end. However, for pelvis instantaneous amplitude
of PD patient was almost equal than Control subject at
the end of the exercise. These results suggest that for
lumbar therapy, PD patient had a lower amplitude of
movement (back) and a less balance during the exercise
reflected as an increase of the amplitude in the pelvis.

Table 5 summarize the motion parameters of back
and pelvis for Control subjects and PD patients after
perform the lumbar spine therapy. Non-significant
differences were found in all parameters between PD
and Control groups, however values of back rotation
were wider for Control subjects than PD patients
(-51.79-49.40 for Controls vs -18.20-14.96 for PD
patients in LSO01, -52.99-50.91 for Controls vs -19.96-
17.82 for PD patients in LS02) and similar results were
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Table 4. Indices of movement for head and shoulder during cervical spine therapy.

Head
CSo1 CS02
Controls Patients Controls Patients
Range: -35.12t0 27.52 -51.64 to 57.58 -26.12to 44.11 -48.87 to 54.94
1st. Quartile: -9.52 -11.76 -8.40 -8.53
Rotation Median: -0.06 1.35 -1.40 -2.18
(grades) 3rd. Quartile: 9.24 10.01 9.01 9.56
Range: 21.18 to 45.57 15.00 to 51.43 17.14 to 50.00 8.78 to 53.33
1st. Quartile: 25.00 22.17 24.00 21.64
Rate Median: 27.30 27.71 26.49 25.71
(cycles/min) 3rd. Quartile: 33.00 32.00 34.60 29.96
Range: 14.36 to 53.75 14.19 to 65.50 7.04 to 49.56 5.17 to 65.67
1st. Quartile: 24.99 26.74 21.28 26.58
Amplitude Median: 28.76 31.21 34.43 32.35
(grades) 3rd. Quartile: 37.33 39.84 40.60 38.23
Shoulder
CSso1 CS02
Control Patients Control Patients
Range: -13.06t0 10.88 -30.10 to 38.07 -9.52to 14.13 -29.66 t0 29.18
1st. Quartile: -1.64 -3.18 -1.59 -2.30
Rotation Median: 0.10 0.81 0.09 -0.23
(grades) 3rd. Quartile: 2.23 3.29 1.89 2.76
Range: 19.31 to 52.50 15to 48 16.07 to 55.38 9.79 to 49.65
1st. Quartile: 25.45 21.82 23.33 20.28
Rate Median: 27.54 27.30 26.19 25.71
(cycles/min) 3rd. Quartile: 30.52 32.00 33.87 29.38
Range: 0.29to 21.11 3.61 to 31.11 0.93to 18.16 3.19 to 34.66
1st. Quartile: 4.31 6.43 3.65 6.10
Amplitude Median: 8.38 9.51 6.40 8.32
(grades) 3rd. Quartile: 11.64 20.99 11.10 14.79

found for instantaneous amplitude, meaning that head
amplitude of movement during the lumbar therapy was
lower for PD patients.

Values of the instantaneous rate of back were similar
between groups for LSOl but wider in PD patients
in LS02, suggesting that PD patients made a great
effort to follow the activity in LS02. Distribution of
instantaneous amplitude of back in PD patients was
lower than Control subjects (median of 17.16 for PD
patients vs 32.28 for Control subjects in LS01, and 20.11
for PD patients vs 36.06 for Control subjects in LS02),
showing that PD patients have a less control of the
movement.

Instantaneous amplitude of pelvic movement was
greater in PD patients than Control subjects (median
of 28.60 in PD vs 17.74 in LS01 and 25.50 vs 11.93 in
LS02), which suggest that PD patients tend to have a
less control of the movement.

D EA

4. Conclusion

There have been many recent publications describing
the possibility of using RGB video recordings for home
rehabilitation. In this work we propose to quantify
the body movement of cervical and lumbar spine
motor therapies for Parkinson’s disease using indices
like rotation, instantaneous rate and instantaneous
amplitude of head, shoulders, back and pelvis. Based
on our findings, we can say that OpenPose algorithm
is a sufficiently robust algorithm that is capable of
detecting slight motion parameters of an specific
rehabilitation therapy, that could facilitate their use
in a home environment specially in follow-up and
management of the motor rehabilitation therapy for
Parkinson’s disease. In the Control subjects quantitation
of motion parameters were similar in amplitude and
rate regardless of whether the exercise therapy is to
the right or to the left. However for PD patients
the estimated motion parameters suggested that PD
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Figure 4. Rotation, rate and amplitude for pelvis and back while a control volunteer exercises their lumbar spine target.
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Figure 5. Rotation, rate and amplitude for pelvis and back while a control volunteer exercises their lumbar spine target.

patients tend to have a less control of the movement
with tendency of lower instantaneous rate and greater
variability in the instantaneous amplitude. It could
be explained by the stiffness of movement as a
consequence of PD, however all PD patients were in
different stages of the disease such that they were
non-statistically different from the control group. As
future work we will increase the sample size of video
recordings considering exercises therapies for another
targets like arms, hands, elbows, etc. We will include
an analysis of facial expressions to identify patterns of
stage in PD and quantify body movement before and

after a physical rehabilitation therapy for Parkinson s
disease.
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