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Abstract: Background: Stroke in childhood presents a serious rehabilitation challenge since it leads
to physical, cognitive and psychosocial disability. The objective of our study was to describe the
effectiveness of robot-mediated therapy (RMT) with Gloreha Sinfonia in addition to a conventional
treatment in the recovery of the sensory-motor capabilities of the paretic hand and the quality of
life in a ten-year-old child after a stroke. Methods: The girl was enrolled to undergo 10 sessions of
RMT with Gloreha Sinfonia. She was evaluated with functional scales and with upper limb kinematic
analysis at pre-treatment (T0) and at the end of treatment (T1). Outcome measures were Fugl-Meyer
Assessment-Upper Extremity (FMA-UE), Visual Analogic Scale (VAS) and Activities and Participation
of Daily Life (ADL). In addition, a Force Assessment System based on Virtual Reality games was
used to assess the force control and modulation capability at T0 and T1. Results: At the end of
treatment, the patient improved in functional scales and in quality of life for greater involvement
in some activity of daily living. Force control and modulation capability significantly increased
after the treatment. Conclusions: This clinical case highlights possible positive effects of a combined
(conventional plus robotic) rehabilitation treatment for the upper limb in pediatric stroke outcomes
from both a sensorimotor and functional point of view, also improving the motivational and affective
aspects of the patient and of family members. Further studies are needed to validate these results
and to identify the most appropriate modalities and doses.

Keywords: pediatric stroke; robotics; upper limb; hand rehabilitation; device; Gloreha Sinfonia;
case report

1. Introduction

Even though stroke has long been accepted as an adult health problem causing sub-
stantial morbidity and mortality, it is also an important cause of acquired brain injury in
young patients, occurring most commonly in the neonate and during childhood. Pediatric
stroke incidence rates, including both neonatal and childhood and both ischemic and hem-
orrhagic stroke, range from 3 to 25 per 100,000 children in developed countries. Newborns
have the highest risk ratio: 1 in 4000 live births [1,2]. The incidence of arterial ischemic
stroke is highest in children aged under 1 year [3]. Children also have a more diversified
and larger number of risk factors for stroke that differ significantly from adults [1,4,5].
The risk factors for AIS in the pediatric population are arteriopathy, cardiac disease, car-
diac surgery/interventions, sickle cell disease, infections, thrombophilia and perinatal
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factors [1,6]. The clinical presentation of childhood stroke varies depending on the age of
the child, and the most common clinic presentations are functional neurological disorders
(20.0%), transient neurological deficits (17.8%), migraine (15.6%) and seizure (11.1%) [6,7].
The recovery of the arm function is one of the main goals of rehabilitation attempts after
childhood stroke; the upper limb function is essential in the performance of everyday
activities and has a significant impact on independent functioning and the overall quality
of life of the affected children. The aim of rehabilitation of the upper limbs is to prevent the
disuse of the impaired side of the body. Many studies in the literature have shown that
therapy involving sensorimotor exercises to simulate meaningful tasks used in daily life
increases the functional recovery of the affected upper limb [8–10]. Realistic contexts of
functional activities, such as reaching or pointing towards an everyday object, help patients
to acquire control strategies to compensate muscle weakness and inaccuracies [11]. In order
to rehabilitate the upper limbs, there are different treatments available. Constraint Induced
Movement Therapy (CIMT) is a rehabilitative methodology widely used currently, even on
infants under one year of age (named baby-CIMT); it is considered feasible and without
adverse effects [12]. Kwakkel et al. demonstrated that high-intensity and task-specificity
are two of the main features of any successful stroke rehabilitation program [13,14]. In
the last few years, therapy aided by a robotic exoskeleton is noted for its capability of
supporting repetitive and high-intensity training tasks [15]; a rehabilitation robot can as-
sist the physiotherapist in administering programmable and customizable rehabilitation
procedures according to the type of treatment required. When combined with interactive
programs such as virtual reality (VR), robot-aided therapy can assign functional meaning to
the therapy, creating a motivating environment [16,17]. Active and very inspiring practice,
with intensive and oriented repetitions, is essential to induce changes in neuroplasticity
within the sensory-motor system and improves performance in motor tasks [17]. The use
of robotics and video gaming within a pediatric population can improve motivation and
attention while focusing on the practice of specifically difficult motor tasks [18,19].

In the pediatric field, it is possible to combine rehabilitative treatments in any stroke
phase, exploiting the potential of innovative technology for sensor-motor and cognitive
recovery and for the continuum of care also at home [8]. In pediatric strokes, studies
currently available are mainly aimed at the use of virtual reality and tele-rehabilitation. The
use of robotic devices in the pediatric population is still under study. In fact, to date, no
studies have investigated the efficacy of Gloreha in the motor recovery of hand functions
in children after stroke. Therefore, this case report aims to describe the feasibility and
the effectiveness of an RMT with Gloreha Sinfonia plus a conventional treatment in the
recovery of the sensory-motor capabilities of the paretic hand and the quality of life in a
ten-year-old child after stroke.

The paper structure is as follows: Section 2 describes the materials, i.e., Gloreha
Sinfonia, the developed rehabilitation exercises, the experimental setup and protocol, the
developed assessment system based on VR and force measurement, and the evaluated
outcome measures; Section 3 reports the results of the experimental validation, which are
discussed in Section 4. Conclusions and future work are provided in Section 5.

2. Materials and Methods
2.1. Trial Design

In this case report, a ten-year-old girl with right hemiparesis following ischemic stroke
caused by probable primary central nervous system angioitis was enrolled to undergo
10 sessions of RMT with Gloreha Sinfonia.

The aim of this study was to provide an account of the efficacy of RMT using Gloreha
Sinfonia in terms of improvements in the range of motion, spasticity, force modulation
capability and functionality of the hemiplegic hand in pediatric stroke patients. This paper
was organized according to CARE guidelines [20]. Figure 1 presents the timeline.
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2.2. Participant

A nine-year and eleven-month-old girl on 24 March 2020, who apparently was in
a state of full wellbeing, fell to the ground and lost consciousness after feeling a severe
headache while she was playing with her brother; then, she had generalized hypertonus,
trismus and emission of noises for about 10 min with apparent resolution. When the
ambulance arrived, the little girl had regained consciousness and was able to carry out
simple orders with her 4 limbs. When she arrived in the Umberto I ER, her speech ap-
peared fluid and there were no evident cranial nerve deficits. Later, the girl complained
of headaches again, and she had a reduced ability to move on the right side, deviation of
the buccal rim and dysarthria. She underwent brain MRI in urgency, which highlighted
“ischemic acute lesion in the left Rolandic area”. Her parents reported a history of mild
and sporadic headache in the previous days. Transferred for competence to the ER of the
Pediatric Hospital Bambino Gesù of Rome, the girl appeared alert, oriented and responsive
to verbal stimulus. The right side was compromised, with deviation of the buccal rim and
a deficit of tone and strength that was greater in the upper limb than in the lower limb;
moreover, she had difficulty in trunk control in sitting positions and had no problems
with dysphagia and desaturation. She started low molecular weight heparin, as per the
hematological prescription and according to Pediatric Stroke Guidelines [8]. As soon as
possible, the child was transferred to the Department of Neurology of the same hospital to
complete the investigations planned for this case. During neurological hospitalization, the
girl underwent another brain MRI, which confirmed recent ischemic lesions. In particular,
they were in the territory of the left Middle Cerebral Artery (MCA) with greater extension
compared to the first MRI examination, associated with a reduction in the left Internal
Carotid Artery (ICA) caliber and left M1 and Al flow profile irregularities (left MCA and
Anterior Cerebral Artery—ACA—arteritis). The baby was subjected to ultrasound of the
neck vessels, evaluation and cardiological examinations, immuno-infectious examinations,
thrombophilia screening, trace oligoclonal bands and platelet aggregation tests. In consid-
eration of the exclusion of secondary causes and of vasculitis alterations in other parts of
the body, the diagnostic suspicion of primary CNS angiitis was conducted, for which, to
complete the diagnosis, and further in-depth examinations were carried out according to
the national protocol for primary vasculitis [8]. By 27 March 2020 to 4 April 2020, the child
had also started treatment with intravenous cortisone. In a short period of time, the child
showed an improvement in clinical conditions, in particular in dysarthria and in the ability
to make minimal movements with the right lower limbs. Upon discharge from neurology,
she was prescribed aspirin, heparin suspension and cortisone scaling. On 4 April 2020, the
child was transferred to the Pediatric Neurorehabilitation Department of the same hospital
located in Palidoro (near Rome) to begin an intensive neuro-motor rehabilitative treatment.
She was admitted to Bambino Gesù Rehab Department from 4 April 2020 to 12 June 2020.

Therefore, after 15 days from the stroke onset, she began intensive rehabilitation
treatment consisting of 5 sessions/week of neuro-motor therapy, 2 sessions/week of speech
therapy and 1 session/week of occupational therapy. In addition to conventional motor
treatments, she performed robotic motor training for the upper limb (Mit Manus). The
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proposals were recognition activities of different textures, heights and shapes to stimulate
the sensitivity of the right upper limb, activate the intrinsic muscles of the hand, and to
improve the pronation–supination of the forearm and coordination of the two upper limbs
in simple gestures of daily life. At the last MRI examinations on 10 April and 19 May 2020,
respectively, there was a reduction in the known ischemic lesions in the left hemisphere
and a reduction in the size of ICA, the M1/M2 sections of the MCA and the A1 section of
the ACA. Upon discharge, the condition of the child improved overall, reached a moderate
static and dynamic control of the trunk and started ambulatory training with the help of an
ankle-foot orthosis, but right hemiparesis and dysarthria persisted.

Followed a period of non-in-patient rehabilitation at the Fondazione Santa Lucia in
Rome, there she performed a neuro-motor rehabilitative treatment of 180 days, 4 times a
week, including speech therapy and occupational therapy as well.

After 180 days of treatment and with respect for the recovery of the right upper limb,
the girl was able to perform movements against gravity flexo-extension and abduction–
adduction of the shoulder with extended elbow and spinal compensation. In addition, she
was able to perform movements against gravity elbow flexo-extension, while hinting at
muscle recruitment at the level of the wrist and hand extensor muscles and first finger
opponent. However, the girl was able to find strategies to solve practical problems of daily
life and involving the right upper limb in base activities.

In January 2021, the child began, in association with the conventional treatment and
in progress at the Fondazione Santa Lucia, a treatment with the Gloreha robotic glove for
the right upper limb at the Campus Bio-Medico University. The objective of the robotic
treatment was to recover the movements of extension of the fingers and wrist and improve
hand-wrist bending and manual dexterity movements. The use of Gloreha aimed also
at recovering the sensory skills of the hand, improving its muscle tone and functionality.
Moreover, the use of non-immersive virtual reality through interactive video games had
the objective of stimulating cognitive abilities, such as attention, visual-spatial analysis,
working memory and executive functions as well.

2.3. Gloreha Sinfonia

The Gloreha Sinfonia is a robotic device for the neuromotor rehabilitation of the upper
limb, which can facilitate the patient in all phases of recovery. It can support the movement
of the finger joints in passive, active-assisted and active modes. It consists of a complete set
of gloves, braces and accessories for finger mobilization; a dynamic support to compensate
the weight of the arm; a stimulating software equipped with 3D animation; a voice guide
and audio video effects; a touchscreen PC and an ergonomic table for performing functional
exercises and to allow the use with a wheelchair.

The device allows the execution of the following exercises:

1. Passive mobilization exercises (the movements are carried out entirely by the device);
2. Active-assisted exercises with graphic interface (the patient trains in flexion–extension

of the fingers thanks to motivating games; the motors support and integrate the
patient’s voluntary movements only to the extent necessary);

3. Active-assisted functional exercises with real objects (the patient trains fine grip);
4. Interactive games (the patient can improve dexterity);
5. All possible combinations of flexion–extension of the fingers;
6. Therapies based on the action–observation approach (the patient performs a task that

he first observed in a preview video, supported by the robot);
7. Exercises with partial or total compensation of the weight of the upper limb, free to

float in space interacting with real objects (the system is able to self-adjust based on
the residual abilities of the patient).

Moreover, the robot allows the performance of therapies on patients who are bedrid-
den or in an upright position or seated in a chair/wheelchair. It also allows a constant
measurement of motor performance and condition of the patient’s hand (active/passive
ROM, movement speed, coordination and improvement in the execution of the various
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tasks). The robotic glove records all data associated with each patient and allows the
operator to monitor the performance of each subject treated. Graphs show the trend of the
obtained results exercise by exercise and session by session so that the patient can have
immediate feedback on the progress achieved.

Since this is a new technology, there are a limited number of studies in the literature on
the use of Gloreha in pediatric and adult stroke patients, which show that the main clinical
benefits related to its use are as follows: the maintenance and improvement of the joint range
of the fingers of the hands; the prevention of adhesions, contractures and damage from
immobilization; the reduction in pain, edema and hypertonia; proprioceptive stimulation,
improvement of joint metabolism and lymphatic and blood circulation; the maintenance of
functional afferences and the perception of the body; the increase in coordination, dexterity
and functional independence; the increase in gripping and gripper strength; and the
improvement of visual-spatial and attentional skills [21].

2.4. Force Assessment System Based on Virtual Reality Games

A Force Assessment System based on VR games was developed to assess the child’s
improvements in grip force control and modulation. The system was composed of force
sensors positioned at the fingertips of the Gloreha Sensor Glove and of custom-designed
VR games in the form of tracking tasks purposely developed to assess different aspects of
force control and modulation.

Previous works in the literature proposed tracking tasks for the assessment and
training of grip force control in mildly to severely affected hemiparetic stroke patients. In
the study of Kurillo et al. [22], the authors presented and tested a grip force training system
that enabled the improvement of grip force control in 8 out of 10 post-stroke patients. In the
study of Lindberg et al. of 2012 [23], the authors proved that the power grip force tracking
tasks developed to assess grip force modulation capability were feasible to quantify the
accuracy of grip force control.

The force sensors to be embedded in the Gloreha Sensor Glove were chosen according
to the following technical specifications: (i) maximum dimension of 2 × 10 −2 m diameter;
(ii) thickness lower than 5 × 10 −4 m; (iii) force range comparable to the one detected
during hand rehabilitation training (0–25 N) [24]. The piezoresistive sensor FSR® Model
402 Short Tail (Interlink Electronics) was selected to meet the specifications. It has a diameter
of 1.83 × 10 −2 m, a thickness of 4 × 10 −4 m, a force sensitivity range of 0.2–20 N and
continuous force resolution. Piezoresistive sensors were selected because they are low cost,
suitable for wearable applications, require a very simple conditioning electronics and have
a good shock resistance.

Three sensors were embedded, respectively, in the fingertips of the first, second and
third finger of the Gloreha Sensor Glove, i.e., the fingers mostly involved in daily life
grasps, as shown in Figure 2. The interface between the sensor and the glove was modified
by fixing a thin 3D printed PLA plate with double-sided tape (1 × 10 −3 m thickness
and 2 × 10 2 m diameter) to uniformly distribute the force on the sensitive area of the
sensor. A 3D-printed PLA support was positioned to interlock the plastic components of
the glove that allow connecting Gloreha Sinfonia flexible transmissions to the glove itself.
The sensors are secured on the fingertips by means of an elastic band fastened at the top of
the PLA support.

The sensors with the developed PLA plate were calibrated using the Instron® testing
machine to relate the force and output voltage.

The VR game was developed with Unity, using Microsoft Visual Studio as the pre-set
editor and C# as the programming language. Attention was paid to provide an intu-
itive, clear and engaging visual feedback to the user. In fact, providing the patient with
biofeedback can improve the outcome of the treatment and promote neuroplasticity [22].

The aim of the VR game in the form of tracking tasks was to assess the patient capability
to finely control the sub-maximal forces exerted when grasping real objects, the ability to
balance and release the grip and the general accuracy of force control.
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The average force exerted by the three fingers was given in input to the VR game to
move the avatar according to the force exerted on the object grasped by the participant
(i.e., a wood parallelepiped 1.35 × 10−1 m × 6.5 × 10−2 m × 4 × 10−2 m). In the proposed
VR game, shown in Figure 3, the patient was asked to move the avatar of the game vertically,
according to the exerted force, in order to track the three proposed waveforms moving
on the screen. The three waveforms were a “Ramp”, a “Square Wave” and a “Sinusoidal
Wave” [25]. Each waveform was developed to assess different aspects of grip force control:
the Ramp aimed at assessing the capability to gradually increase and decrease the grip
force; the Square Wave aimed at assessing the capability to exert discrete force levels and
stabilize the force; and the Sinusoidal Wave aimed at assessing the overall force modulation
capability. “Ramp” and “Square Wave” were composed of 10 discrete force levels to
be reached (and held for the “Square Wave”) and are uniformly distributed between
the maximum and minimum forces recorded at the beginning of the trial, whereas the
“Sinusoidal Wave” had a peak-to-peak amplitude that corresponded to the range between
the minimum and maximum forces.
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To assess the child’s improvements in grip force control and modulation, she was
instructed to move the avatar (i.e., a turtle) and to follow the proposed waveform pattern
in order to collect the maximum number of “bubbles” of the VR game with the avatar. In
the first assessment session (T0), she performed 5 one-minute repetitions of the “Ramp”
and 3 one-minute repetitions of the “Square Wave” and “Sinusoidal Wave” exercises,
respectively. In the second assessment session (T1), she performed 3 one-minute repetitions
of the “Ramp” and 2 one-minute repetitions of the “Square Wave” and “Sinusoidal Wave”
exercises. Before each session, the maximum and minimum forces applicable by the child
were recorded with a custom-made graphical user interface to set the force range in which
the avatar could be moved. Then, the maximum force to be reached was set at 90% of the
maximum recorded value.
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2.5. Intervention

The Gloreha treatment lasted from January to April 2021, and the commitment was
once a week for a total of 10 weeks; each session lasted 60 min. During each session, the
child performed passive, active-assisted and active movements with gradually increasing
complexity exercises supported and stimulated by sensory feedback. In addition, the child
was also offered exercises in bi-dexterity to improve both the quality of the recovery of the
paretic limb and its coordination and functionality in daily activities.

2.6. Outcome Measures

The child was evaluated with functional scales, with upper limb kinematic analysis
and with an ad hoc developed force assessment tool (FSR model 402 Short Tail, Interlink
Electronics) at pre-treatment (T0) and at the end of the treatment (T1).

She was evaluated with Fugl-Meyer Assessment-Upper Extremity (FMA-UE) for
upper-extremity motor impairment and the Visual Analogic Scale (VAS) for pain intensity
and activities and participation of daily life with ADL scale [26].

Improvements in force control and modulation capability were assessed by means of
the Force Assessment System. Two main performance indicators were computed for each
repetition of the three VR exercises: the Root Mean Square Error (RMSE) (N) between the
target force pattern and the exerted force pattern and the Peak Performance (%), computed
as the percentage of reached force peaks, for “Ramp” and “Sinusoid”, and the percentage
of reached and held discrete force levels, for the “Square Wave”. A statistical analysis
was performed to evaluate improvements of the child from one session to the other. The
non-parametric one-way ANOVA test (i.e., Kruskal–Wallis test) was conducted between
RMSE and Peak Performance indicators in the two sessions. The significance level was set
at 5%.

3. Results

Results are reported in Table 1. At the end of treatment (T1), the patient improved
in functional scales: FMA-UE had a percentage variation (∆%) of 44% from T0 (34/66) to
T1 (49/66). Moreover, at the end of treatment, her quality of life was better for greater
involvement in some little but significative activities of daily living such as food, dress and
undress (ADL scale: 4/6 at T0 vs. 6/6 at T1) and had greater interest in the surrounding
world with less fear of feeling different from others.

Table 1. Results of outcome measurement.

T0 T1

ADL 4/6 6/6

FMA-UE 34/66 49/66

VAS 0/10 0/10
ADL: Activity of Daily Living; FMA-UE: Fugl-Meyer Assessment for Upper Limb; VAS: Visual Analogic Scale.

It is important to highlight that the child had never complained of pain (VAS scale
0/10) during both evaluations.

The Kruskal–Wallis test performed on RMSE and Peak Performance indicators be-
tween sessions at T0 and T1, allowed the assessment of improvements in force con-
trol and modulation. RMSE was significantly reduced from one session to the other
(p value = 0.0018), meaning that training with the Gloreha improved the child’s capacity to
follow target force patterns. Peak Performance significantly increased from the first to the
second evaluation session (p value = 0.0120). Boxplots for the two performance indicators
are shown in Figure 4, where the central mark is the median and the box edges are the 25th
and 75th percentiles.

No adverse events occurred during the entire treatment.
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4. Discussion

The aim of this study is to describe the effects on the range of motion, muscle tone
and functionality of the paretic upper limb, particularly the hand, when Gloreha Sinfonia
combined with conventional therapy was used for rehabilitation treatments in a pediatric
stroke patient. The results revealed an improvement in FMA-UE, a significant reduction in
RMSE and a significant improvement in Peak Performance.

To the best of our knowledge, this is the first study using Gloreha Sinfonia in pediatric
strokes. Previous rehabilitation studies on pediatric stroke patients were mostly dedicated
to the robotic treatment of the proximal portion of the upper limb, while there are still
very few studies on the distal extremity, especially the hand. Gloreha Sinfonia allows the
performance of tasks that combine the activity of the entire upper limb. In fact, unlike
other robots designed exclusively for shoulder and elbow movements, Gloreha permits the
improvement of distal control through the implementation of exercises focused on the use
of hands combined with the involvement of the entire upper limb, reproducing activities of
daily living. As other studies have previously mentioned, when a patient uses the distal
part of the paretic upper limb, at the same time, the proximal segment is also trained, albeit
the upper arm is supported or restrained in the distal group [27]. Furthermore, Gloreha
Sinfonia is well suited for use in combination with other traditional rehabilitation activities
because it can integrate rehabilitation treatments with highly stimulating and interactive
exercises for patients.

Our results show an important enhancement in FMA-UE, with values that proceed
from 34/66 to 49/66 between T0 and T1; they indicate an overall improvement of the
upper limb due to a clinical advance both in the shoulder district, implemented thanks
to reaching exercises, and to the hand control, achieved thanks to manipulation exercises.
These results were significantly higher than the minimal clinically important difference
(MCID) seen in adults by Page et al. [28], but it is not possible to make a comparison with
a pediatric population, because their MCID is not present in the literature. In addition,
FMA-UE results are in line with ADL records, which report improvements in activities of
daily life due to a better use of the upper limb.

From Figure 4, it is evident that the child significantly improved her capacity of
reaching force peaks and holding force levels. Furthermore, the results show that force
control and modulation capability significantly increased after treatment.

We know from the girl’s parents that she has reported a psycho-emotional improve-
ment and presented new interest in socializing with other children without fear of being
judged and perceived less pronounced motor deficits and less disability at the end of
therapy. This statement can be considered as another positive effect of the combined
(robot + conventional rehab therapy) and continuative therapy. It is important to underline
that the girl never complained of pain, demonstrating a good ad safe adaptability of the
robot with respect to the child.

Another aspect that makes this robot an interesting tool in pediatric applications is the
possibility of performing specific repetitive task-oriented exercises, placed in the form of
playing a videogame; as already reported, robot-mediated therapy in children with acquired
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or congenital brain injury appears to be beneficial: enhancing motivation and improving
perception, it incorporates the advantages of the enjoyable game-like experience [15,29].
Furthermore, the use of a virtual and motivational environment in which the patient has
immerged has a positive effect to facilitate motor and sensory and cognitive relearning
by stimulating the patient to challenge himself to perform better and to obtain a higher
score in the game. Moreover, as recorded also by Mirkowski et al. in their systematic
review [18], robotic therapy seems to significantly improve the upper extremity function
and spasticity in children after strokes. This theory is also supported by the study of
Wann et al., which considers motor learning theory and reports how the repetition of motor
patterns is seen as a key factor in improving movement [30]. Moreover, Rizzo et al. reports
how a rehabilitation treatment that uses feedback, either visual or auditory, contributes to
gains made in motor learning [31]. It follows that Virtual Reality is a powerful medium for
providing stimulation in the form of visual and auditory events to increase the motivation
and desire to continue practicing [32].

To date, there are few studies in the literature on this specific population. Most
pediatric upper extremity rehabilitation studies are aimed at patients with cerebral palsy,
spinal cord injury or quadriplegia. As reported also in the case report of Čolović et al. [33],
there is still no clear indication on how robotic therapy can be combined with conventional
therapy and for how many times; however, combining robotic and traditional rehabilitation
can improve the functional motor performance of the arm involved in the chronic recovery
phase after a pediatric stroke.

Our results, being relative to a single case, cannot find a generalization. Further studies
on larger samples, with control and randomization groups and with adequate follow-ups,
are needed in order to reach meaningful conclusions. Furthermore, we have not assessed
patient’s emotional changes and the level of social integration before and after the robotic
treatment with specific and objective measures; the administration of scales that could
quantify these changes could be useful to determine social aspects in further studies.

5. Conclusions

Given the results and given the literature evidence, Gloreha Sinfonia seems to be
suitable for the treatment of post-stroke hand disabilities in the pediatric age, but further
studies on larger populations, with stratification of the sample for clinical characteristics,
as well as clinical scales that are more sensitive to any change are needed to support this
hypothesis. It would be interesting in the future to consider how this type of technology
can also support cognitive difficulties. In addition, this type of rehabilitative approach
facilitates the need for personalized and easily monitored rehabilitation protocols. Clinical
trials with follow-ups and on large populations could confirm the results obtained.
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