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Abstract

Currently, the use of robotic therapy is being increasingly used for
the rehabilitation of individuals with stroke sequelae. This case report
describes a patient who underwent a single session of robotic therapy,
being evaluated using thermography, a painless method that evalu-
ates the distribution of skin temperature. The article shows changes in
temperature after an exercise session performed using a robotic device

and discusses the possibility of this evaluation technique (thermogra-
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Introduction

The use of robotic devices has been useful in the rehabilita-
tion process of patients with the sequelae of cerebrovascular
accident or stroke [1]. A systematic review showed that training
with a robotic device can significantly improve the motor func-
tion of the upper limbs and activities of daily living in patients
with stroke [2]. This probably occurs due to the fact that the
systematic movement of the affected limbs, which is essential
in rehabilitation, it is facilitated and encouraged during robotic
training [3]. An example of this type of device is the Armeo® sys-
tem, which is a robot intended for motor rehabilitation of the
upper limb and which works with upper support for the arm,

phy) in patients with stroke undergoing different rehabilitation tech-
niques such as robotic training.
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lower support for the forearm and a pressure-sensitive handle.
The equipment has adjustments to align the exoskeleton with
the joints and has an interactive program that controls the ar-
rangement and provides visual feedback through a screen. It
has the advantage of allowing work in an interactive, repeti-
tive and individualized manner with a focus on training specific
tasks using defined protocols [4]. Regarding the immediate ef-
fect of robotic interventions in patients with stroke sequelae on
the distribution of body temperature assessed by thermogra-
phy, one study found that a patient undergoing robotic therapy
using the G-EO SystemTM device managed not only to increase
skin temperature, but reduce the differences between the ple-
gic and healthy sides [5]. Thermography is useful in measuring
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the distribution of body temperature in patients with stroke [6]
and also to identify changes in temperature after a single ses-
sion of exercise, for example, in patients with amputation se-
quelae [7] or with vascular impairments [8]. How, at least to our
knowledge, there are no studies on the use of thermography as
an evaluation method in patients who have undergone physical
rehabilitation using a robotic device for upper limbs. This case
report aimed to verify the temperature distribution of the up-
per limbs of an individual with sequel to stroke submitted to a
single session of robotic rehabilitation using Armeo®.

Case presentation

GDS, 29 years old, with completed high school, married,
born in Lavras da Manga do Ceara, from Guarulhos in the
state of S3o Paulo, worked in cargo transport. He is dominant
on the right side and diagnosed with disproportionate spastic
complete hemiparesis with brachial predominance on the right
(October 2022). As for etiology, it was secondary to arteriove-
nous malformation radioablation (on 03/01-07/01/2022). He
presents hearing loss with hemianopia on the right. The pa-
tient came to the institution with a previous history of external
follow-up at another institution with a multidisciplinary team
in which he underwent physiotherapy, speech therapy, occupa-
tional therapy and acupuncture. He arrived at the Institute of
Physical Medicine and Rehabilitation of the Hospital das Clini-
cas of the Faculty of Medicine of the University of Sdo Paulo
(IMREA-HCFMUSP) with modified independence for activities
of daily living and performed some self-care activities under
supervision or with preparation of third parties despite having
the ability to perform independently. He had an unstable gait
with a tendency to invert the ankle during stance, with a risk
of sprain. Patient and wife already noticed cognitive changes
in relation to memory and occasional semantics and presented
the FIM-Functional Independence Measure 9 of 116 points. The
patient underwent hospitalization for brain injury rehabilita-
tion, remaining with a companion during the entire hospitaliza-
tion. In the rehabilitation sessions, motor training was carried
out focusing on walking on uneven terrain, dynamic balance,
dual tasks and progressive load increase, greater participation
in fine motor activities using the right upper limb as support,
and global cognitive stimulation. The patient always showed
good motivation and effort, with no complications during hos-
pitalization, with a notable improvement in mood and cognition
as he noticed an improvement in functionality. Regarding gait,
the patient started using an ankle stabilizing orthosis with an
improvement in his gait pattern, even progressing to commu-
nity walking in an external environment, without the need for
aids. He also performed isokinetic strengthening with Cybex of
the knee with excellent performance. Before hospitalization, in
march/2023, he underwent the first application of botulinum
toxin, but the patient reported progress with loss of functional-
ity in the right upper limb (no longer able to perform functional
finger flexion and elbow flexion in functional range). And, due
to this, baclofen medication was started, which together with
kinesiotherapy can provide gains in range in the right upper
limb and improvement in movements such as pronation and
supination with greater participation in fine motor activities.
The GDS patient presents great use of therapies, with no indica-
tion for further hospitalization, with a proposal for outpatient
follow-up and maintenance therapies in the community. As an
outpatient, the patient underwent 15 sessions of Armeo® with

the aim of promoting the functionality of the right upper limb,
improving perception and control of it, as well as dissociation
of movements according to the demands of the tasks. With
the objective of evaluating the effect of carrying out a single
robotic training session using the Armeo® device on the distri-
bution of skin temperature, this case study was carried out. To
evaluate this single session, the training protocol was placed
on Armeo® with the aim of improving motor control of the
left upper limb with a game of balloons, pirates, brick break-
ing (shoulder), high flying (elbow), Hocokart (forearm), treasure
island, helicopter, cleaning. Each game lasts 5 minutes and has
a medium to hard difficulty level. Before and after this single
robotic training session, a skin thermometry examination was
carried out using infrared thermography in a room next to the
therapeutic space where the robotic device was located. The
room had the windows and curtains closed, in order to prevent
any type of external light from entering it and the relative hu-
midity was 47% in the first image taking and 44% in the second
and with a temperature of 24.5°C and 23.8° respectively. As the
conditions for this type of examination must be standardized,
measures reported in the literature were adopted [10-15]. The
patient was instructed not to take hot baths or showers, apply
creams, powders or perform vigorous exercise before the evalu-
ation. He must have fasted for up to two hours and could not
have ingested stimulants, substances containing caffeine or na-
sal decongestants, drinks containing alcohol and could not have
smoked. The volunteer was asked to remain bare in the room
with their torso and upper limbs. The patient was instructed
to remain standing at a distance of 2 meters from the infrared
sensor and 0.4 m from the wall. The entire skin temperature
assessment procedure obtained by thermographic assessment
followed the criteria adopted and recommended in the litera-
ture [10-14]. The thermal images were captured by an infra-
red sensor, brand FLIR T450SC. These images were obtained
in views: anterior and posterior. The images were analyzed by
FLIR Tools® software and included the right and left sides of the
arms, forearm, chest and spine. The average temperature was
measured in degrees Celsius in each ROI (region of interest).
The ROI were rectangles determined by anatomical landmarks,
named: 1-forearm: distal forearm and cubital fossa; 2-Arm: cu-
bital fossa and axillary line, 3-abdomen: (and lumbar region):
xiphoid process and 5 cm below the navel, 4-chest (upper
back): nipple line and upper edge of the sternum. This evalu-
ation has already been described and carried out in a previous
study [10]. The evaluations were carried out before, immedi-
ately after the end of the robotic therapy and 10 minutes in
the afternoon after the therapy that was carried out with the
Armeo® system. The temperature distribution between the up-
per limbs is shown in (Table 1). When checking the tempera-
ture on both sides, on average, it was 32.2°C before the single
Armeo® session and increased to 33.0°C after, with an increase
of 0.8°C considering both sides. When checking the difference
between the plegic and healthy sides, it was noted that the arm
(in the anterior view) had a difference of 0.8°C. However, after
the robotic training session, this difference disappeared, leaving
the sides completely symmetrical in relation to the temperature
difference. However, even after the intervention, the forearm in
the posterior view had an increase in the difference between
the sides, going from 0.4° to 0.7°, that is, both temperatures at
a level that indicates some type of change 16. In general, the
healthy side presented 32.3 before the intervention and 33.1
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( Table 1: Skin temperature (in °C) of the forearm and upper arm before and after the single session of robotic therapy using Armeo®.

N

\

Heathy forearm
Plegic forearm
Anterior view
Healthy arm
Plegic arm
Heathy forearm
Plegic forearm

Posterior view
Healthy arm

Plegic arm

Baseline

32.8
32.9
334
32.6
31.8
314
31.5
314

Difference between
healthy and plegic sides

0.1

0.8

0.4

0.1

J
Immediate Difference between Difference between baseline
healthy and plegic sides and immediate
33.4 0.6
0.3
33.7 0.8
34.4 1
0.0
34.4 1.8
32.3 0.5
0.7
31.6 0.2
32.4 0.9
0.2
32.2 0.8

\

| Figure 2: Distribution of skin temperature in the posterior view before and after the single robotic training session (Armeo®).
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Table 2: Skin temperature (in degrees Celsius °C) of the spine
before and after the single session of robotic therapy using Armeo®.

N
Baseline
Anterior chest 33.4
Posterior chest 32.3
Abdomen 33.1
Low back region 31.2

Immediate

34.7

33.2

Difference

13

11

0.9

1.9

after the intervention, increasing by 0.8°C. The plegic side pre-
sented 32.0 before the intervention and 32.9 after the interven-
tion, increasing by 0.9°C.

The temperatures related to the trunk are shown in (Table 2).
It can be seen that there is an increase in temperature in both
the anterior and posterior regions, with an average increase of
1.3°C after a single exercise session using a robotic device.

Figures 1 and 2 show the temperature distribution in the
front and back views.

In this case report, the temperature data show that in rela-
tion to the structures evaluated, only the arm in the anterior
view before the robotic intervention and the forearm in the
posterior view before and after the single exercise session,
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showed important differences. This is because it is known that
individuals, when they present a difference above 0.4°C, may
present some type of change [16]. The patient in this report has
stroke sequelae and, therefore, the plegic side is expected to be
colder [6]. However, a fact that needs to be highlighted is the
increase in temperature after the robotic training session. This
increase occurred both on the healthy side and on the plegic
side and in the trunk region, both in the anterior region, tho-
rax and abdomen, and posteriorly, in the thoracic and lumbar
spine region. In addition, this probably reflects the increase
in muscle recruitment through exercise, which may have indi-
rectly increased blood perfusion and, therefore, skin vascular-
ization [14]. It is worth noting that perhaps the contact of the
body with the chair may have interfered with the increase in
temperature in the posterior region, however it is important
to highlight that the anterior region, which did not have this
contact, also had a significant increase in temperature, prob-
ably showing the muscular action of this region during exercise.
Therefore, it is believed that thermography can be a useful in-
strument to detect this type of change in skin temperature, as
seen in other case reports also carried out with robotic devices
[5], treadmills associated with virtual reality [7] or a simple cir-
cuit ergometric [8].

Conclusion

A single case and the evaluation after a single session of ro-
botic intervention cannot generalize the data on thermoregula-
tion after exercise performed on a robotic device. However, it
leads to the belief that this type of exercise, which is playful
and pleasant for the patient, also exerts important physiologi-
cal changes such as thermoregulation. Therefore, prospective
studies can show the effects of this type of rehabilitation, as
well as other models associated or not, such as conventional
therapy on the thermal regulation of individuals with various
types of functional changes.
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