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ABSTRACT

Children with neuromotor disorders often experience hand impairments that limit independence in daily
tasks as well as the acquisition of new skills. Robotic aids like hand exoskeletons can improve function, but
many designs fail to meet user needs, reducing adoption. This study collected parental feedback to guide
the development of user-centered hand exoskeletons. An anonymous online survey was distributed to the
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parents of children with neurological disorders and previously treated at IRCCS E. Medea — Associazione “La
Nostra Famiglia” in Bosisio Parini, Italy. Only parents of children with upper limb impairments were invited
to answer. The survey explored their perceptions of hand exoskeletons, focusing on functional needs, user-
friendliness, and training expectations. A total of forty-six surveys were completed, of which three were
incomplete and therefore excluded. Of the forty-three considered, 76.3% expressed interest in a hand
exoskeleton for their child, identifying dressing, hygiene, and eating as key activities to address. Key issues in
the development of an exoskeleton for the parents were weight, comfort, associated aesthetics and trust.
User feedback emphasizes the need for comfortable, lightweight designs with aesthetic appeal to reduce
stigma. Parents prioritized functional benefits for daily activities over recreational use.

Introduction

Mobility and exploration are crucial components of physiolo-
gical development in children and influence the progression of
essential skills, including motor, cognitive, language, and
social abilities (Lobo & Galloway, 2008; Thelen, 2012).
Neuromotor disorders impair movement quality and increase
risks of developmental delays (Lobo et al., 2015).

The human hand is vital for environmental interaction, and
impaired function significantly affects daily living activities
(ADLs) and quality of life (Boser et al., 2021; Pentland &
Twomey, 1994). Research has shown that children with phy-
sical disabilities who utilize assistive devices to enhance their
mobility experience improvements in environmental partici-
pation, independent activities, and self-awareness (Moir, 2010;
Ryan et al., 2009).

The most common conditions associated with neuromo-
tor disorders affecting hand function in children are con-
genital and acquired brain injuries, characterized by
functional impairments that vary based on the location and
extent of the lesion (Bleyenheuft & Gordon, 2014; Jackman
et al, 2014; Mimouni-Bloch et al., 2023). Cerebral Palsy
(CP) is among the most impactful conditions, affecting

hand function in nearly 50% of causes, causing muscle
weakness, uncoordinated movements, spasticity, and reduced
tactile sensitivity (Eck et al., 2010). In high-income coun-
tries, the prevalence of CP is 1.6 per 1000 live births.
However, prevalence is higher in low- and middle-income
countries. Advances in early detection make it possible to
identify CP as early as 3 months of age, allowing for timely
and intensive early intervention that improves outcomes for
children and parents (Novak et al., 2025). Despite this,
deficits persist which seriously hinder children’s ability to
carry out activities of daily living, limiting their indepen-
dence and general development (Falzarano et al., 2019;
Fasoli et al., 2008; Novak et al., 2025).

While many assistive devices have been developed for lower
limb mobility impairments, a significant lack of upper limb
solutions specifically tailored for children needs to be reported
(Crowe et al., 2019; Latif et al., 2024; Li et al., 2024). Given that
hand function limitations significantly impact the ability to
perform ADLs, effective assistive and rehabilitative technolo-
gies are crucial (Russo et al., 2009).

Research indicates that the needs of potential users of upper
limb assistive technologies vary widely depending on the type
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of device and the specific ADLs they aim to support. Tasks
such as food manipulation, dressing, and handling nearby
objects are particularly prioritized across different robotic
solutions (Nam et al., 2019). To address these challenges,
various assistive technologies have been developed, including
adaptive orthoses for muscle support, robotic arms, functional
electrical stimulation (FES) and wearable technologies such as
soft robotic suits (Van der Heide et al., 2014). Among these
technologies, hand orthoses are widely used to stabilize joints
or facilitate controlled hand movements, aiding children in
improving their functional abilities (Michalec et al., 2024).
Among active devices, exoskeletons play an important role:
wearable motorized systems that can act simultaneously on
multiple joints (Maciejasz et al., 2014).

Active hand exoskeletons focus on restoring hand func-
tion by assisting finger flexion and extension (Du Plessis
et al., 2021). These devices apply targeted forces to enable
grasping tasks, guiding fingers into functional movements
that may otherwise be unachievable or ineffective indepen-
dently (Maciejasz et al., 2014; Peters et al., 2017). Numerous
hand exoskeleton designs (Chiri et al., 2009; Cui et al., 2015;
Lambercy et al., 2013; Randazzo et al., 2018; Schabowsky
et al., 2010; Wang et al, 2018) emphasize features like
adjustability to hand sizes, lightweight structures, and port-
ability. However, as reported by Li et al. (2024), and Fosch-
Villaronga et al. (2020), few studies focus on the pediatric
population, revealing a significant gap in accessibility.
A noteworthy example includes designs such as PEXO
(Butzer et al.,, 2019), proposed by Lieber et al. (2022),
which address challenges like accommodating children’s
growth and ensuring intuitive operation. Designing assistive
devices for children presents unique challenges, including
variations in motor abilities, physical growth, cognitive
development, and limited communication of feedback
(Botelho, 2021). Pediatric hand exoskeletons must address
functional requirements and user needs to ensure long-term
usability and therapeutic adherence. The functional require-
ments and user needs of the pediatric population differ from
those of adults. This population is characterized by specific
features related to performed activities, cognitive abilities,
and aspects of acceptability. Moreover, children present dis-
tinct physical traits, including the need to accommodate
growth. Understanding the preferences of children, care-
givers, and healthcare professionals is key to achieving ther-
apeutic outcomes. A poor match between device design and
user needs can lead to abandonment and limited effective-
ness (Phillips & Zhao, 1993). These devices must be com-
fortable, adaptable, and easy to use. Recent research
emphasizes that pediatric exoskeletons should enhance func-
tion while being lightweight, comfortable, and aesthetically
acceptable to encourage consistent use (Li et al., 2024).
While recent studies provide critical insight for pediatric
hand exoskeleton design, expanding the sample size and
clinical diversity could yield more universally applicable
design guidelines. Within the 3Daid++ project framework,
we propose integrating end-user perspectives through
a structured survey to systematically identify unmet needs
and preferences, ensuring alignment between device func-
tionality and real-world usability requirements.

This paper addresses this gap by focusing on end-user needs
to inform design requirements for pediatric hand exoskele-
tons. Through an anonymous questionnaire distributed
online, the research seeks to explore the functional assistance
requirements of potential end users, focusing on mobility,
reaching, and handling for daily activities at home and in the
broader community. The information collected in this
exploratory survey may provide preliminary guidance for pro-
totype specifications, by reflecting parental perspectives on
user needs and priorities regarding assistive exoskeletons.

Materials and methods
Study design and inclusion criteria

Over four months from April 2024 to July 2024, an anonymous
survey was distributed via e-mail to the parents of children
with neurological disorders who had previously received treat-
ment at the Scientific Institute IRCCS E. Medea — Associazione
“La Nostra Famiglia” in Bosisio Parini, Italy. During this
period, a reminder was sent to all subscribers to the mailing
list. Only parents of children with an upper limb impairment
were invited to answer. All parents had previously given their
consent to be recontacted via e-mail, and a link to our data
processing policy according to GDPR was provided within the
e-mail. Patient identification, personal data, or contact data
were not collected. Health data, such as diagnosis, were col-
lected only as far as they were necessary for the objective of the
survey. These data were processed in compliance with EU
Regulation 2016/679, (GDPR) and Legislative Decree
10 August 2018, n. 101. Informed consent was obtained by
the decision to proceed with the online survey, in accordance
with the Declaration of Helsinki and Public Health (Williams,
2008). After interacting with our Clinical Trials Unit, this
study was not considered as requiring ethical approval because
of its nature of anonymous survey study.

Survey development

A structured questionnaire was designed and deployed using
the REDCap electronic data capture tools hosted at IRCCS
E. Medea (Harris et al., 2009, 2019). The questionnaire com-
prises three core sections, each addressing different areas of
interest. Multiple-choice and Likert scale questions were used
to ensure a standardized response format, minimizing
response bias and simplifying completion (Fink, 2025). In
order to gather only quantitative data to facilitate statistical
analysis, and to avoid the collection of personal information,
no open-ended questions were included.

The investigation was developed on the basis of previous
research in the literature, on the evaluation of orthoses and
exoskeletons in the pediatric population, with a focus on
device usability and the identification of patient needs. Three
main sections were structured to address distinct objectives, as
described below.

The first section focused on collecting demographic data
such as age, gender, and clinical characteristics of the partici-
pants, including information about their specific neurological
conditions affecting upper limb mobility. This section also



presented questions related to the functional abilities of the
children, with particular attention to their current level of
hand mobility and daily activities that might be impacted by
these impairments (Yang et al., 2015).

The second section of the survey assessed the participants
past experiences with hand orthoses. For those with previous
exposure, questions explored the frequency of hand orthosis
usage and perceptions of its effectiveness in improving their
child’s hand function (Bula-Oyola et al., 2022). This section
provided context on prior interactions with assistive technol-
ogies and how such experiences influenced expectations for
advanced solutions like hand exoskeletons.

The third section of the questionnaire explored the needs
and expectations of the participants regarding the potential use
of a pediatric hand exoskeleton. This section investigated their
interest in exoskeleton technology, the functionalities they
believed would be most beneficial, and any concerns they
had regarding its implementation (Boser et al., 2021;
O’Sullivan et al., 2015). Additionally, the survey specifically
assessed four critical factors likely to influence the acceptance
and adoption of such devices: perceived usefulness (Venkatesh
& Davis, 2000), trust (Heerink et al., 2010), aesthetics
(Razmdoost et al., 2015) and stigma (King et al., 2007).

Additionally, participants provided their opinions on exos-
keleton technology, including expectations about functional-
ity, training requirements, and suggestions for future
improvements.
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The complete questionnaire was administered in Italian to
all participants, who were native Italian speakers. Items
adapted from the literature were translated into Italian by
bilingual members of the research team with expertise in
rehabilitation and assistive technologies, and subsequently
reviewed by the multidisciplinary group (clinicians, engineers,
therapists) to ensure clarity and appropriateness for Italian
parents. An English translation of the questionnaire is pro-
vided in the Appendix.

Data analysis

Questionnaires with at least 80% of items completed were
considered valid, whereas those with fewer responses were
discarded.The collected responses were analyzed using
descriptive statistics, both for the overall dataset and, where
noteworthy, within subgroups categorized by age. For rank-
order questions, mean and standard deviation values were
calculated to summarize central tendencies, while summary
counts and percentages were used to describe categorical mul-
tiple-choice responses. Figure 1 illustrates the method used for
distributing and collecting survey responses.

Results

The survey was completed by the parents of 46 individuals.
However, due to incomplete responses, only 43 were

invited to respond.

The survey was distributed through the
newsletter of “La Nostra Famiglia-IRCCS E.
Medea”, and only families with children
presenting upper-limb impairments were

1 reminder was sent

We received 46
responses

l

Does the
questionnaire
contain at least 80%
of the completed
questions?

Yes

43 responses were
considered valid

l

Analysis using
descriptive
statistics.

3 responses were
discarded

Figure 1. Method of distributing and collecting survey responses. The flowchart illustrates the procedure adopted for survey distribution and response collection.
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Table 1. First section data.

Gender
Boys
Girls
Not declared

Age group, years
<3
3-5
6-10
11-14
>14

Pathologies
Cerebral Palsy
Acquired Brain Injury (ABI)
Neuropathy
Muscular Dystrophy
Others

% (n = 43)
58.0
40.0

2.0

7.0
20.9
32.6
18.6
20.9

30.2
23
4.7
23

60.5

Demographic characteristics of the pediatric population as reported by
parents in the anonymous survey. The overall distribution of Gender,
Age Group, and Pathology are reported as percentages of total

respondents.

included in the analysis. Overall, there was a majority of
males (58.0%), as shown in Table 1. The age distribution of
the subjects covered all groups from 0 to 18 years, and the
most represented is the 6-10years old (32.6%), while the
less represented is the < 3years old (7.0%). All age groups
were included to provide a comprehensive overview of
parental perspective across developmental stages.
Although the technical feasibility of exoskeleton use in
children under 3years is limited, their inclusion reflects
parental expectation for future independence. The data
show that Cerebral Palsy was the most represented condi-
tion among those reported (30.2%).

First section of the survey

In the first section of the survey, parents identified eating as the
most important ADL for most age groups, followed by dres-
sing and self-care. In contrast, recreation and technology use
were perceived as less important (Figure 2).

Table 2 presents the perceived complexity of daily life
activities, ranked from most complex (at the top) to least

most imporram 1

less important 5

Eating Dressing

complex (at the bottom). Most activities were considered
moderately to highly complex, with the lowest minimum
score (2.7) recorded for “turn on a bedside lamp.”
Additionally, parents rated the importance of specific move-
ments (Table 3), all of which received similar scores (spans
from 3.6 to 4.3), with cylindrical grip, hook grip, thumb move-
ment and pinch grip receiving the highest score (4.3).

Second section of the survey

Among the surveyed population, only 25.6% had prior experi-
ence using a hand orthosis. The primary reasons for nonuse
included a lack of medical recommendation (56.3%), perceived
lack of necessity (31.3%), and, in a small number of cases,
unspecified personal reasons (12.5%) (Table 4). For those
who had used hand orthoses, the majority (73.0%) required
assistance to wear them, and most used the device for less than
8 hrs per day (Table 4).

The most used orthoses were postural thermoplastic
orthoses (Model B —54.5%) and functional gloves designed
to support and facilitate grip and manipulation (Model E -

< 3 years old
—— 3-5 years old
=+« = 6-10years old
----- 11-14 years old
- — = > 14 years old

Recreation

Personal hygiene

Technology use

Figure 2. Ranking of daily life activities by importance (n = 43). The lines represent the age groups as indicated in the legend located in the upper right corner. Each line
represents the importance the respondent placed on the ADL activity, with 1 being the most important and 5 being the least important. Data are reported as median
(IQR interquartile range) for age group. < 3years old: Eating 1.0 (1.0-1.0), Dressing 3.0 (3.0-4.0), Personal hygiene 2.0 (2.0-2.0), Technology use 5.0 (3.5-5.0),
Recreation 4.0 (4.0-4.0); 3-5 years old: Eating 1.0 (1.0-3.0), Dressing 3.0 (2.5-4.0), Personal hygiene 2.0 (2.0-3.0), Technology use 5.0 (3.0-5.0), Recreation 3.0 (2.0-4.0);
6-10 years old: Eating 1.0 (1.0-2.3), Dressing 3.0 (2.0-4.0), Personal hygiene 2.0 (1.3-2.0), Technology use 5.0 (4.0-5.0), Recreation 3.0 (3.0-4.0); 11-14 years old: Eating
2.0 (1.0-3.0), Dressing 2.0 (2.0-2.0), Personal hygiene 2.0 (1.0-3.0), Technology use 5.0 (4.0-5.0), Recreation 3.5 (1.8-4.0); > 14 years old: Eating 2.0 (1.0-3.0), Dressing
3.0 (2.0-3.0), Personal hygiene 2.0 (2.0-3.0), Technology use 4.0 (2.0-5.0), Recreation 4.0 (3.8-5.0).
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Table 2. Activity complexity (n =43, SD = Standard deviation).

Complexity of the Movement

(1-very easy to 5-very difficult) mean SD
Buttoning a shirt 43 + 0.8
Opening a jar of jam 43 + 1.0
Buttoning up your pants 42 + 1.0
Zip up a jacket 4.1 + 1.0
Roll up a sweater sleeve 4.0 + 0.9
Opening a package of bread 37 + 1.2
Raise the zipper on your pants 3.7 + 1.2
Fasten the snaps on a jacket 37 + 1.2
Sharpening a pencil 37 + 1.2
Unscrew a bottle cap 3.6 + 1.2
Opening a bag of chips 3.6 + 1.1
Put toothpaste on the toothbrush 35 + 1.2
Wash the upper body 34 + 13
Take off a shirt 33 + 13
Fill a glass with water 33 + 13
Open the toothpaste cap 33 + 1.4
Wearing a school backpack 33 + 14
Unwrap a chocolate bar 32 + 1.2
Take a coin from your pocket 3.1 + 13
Wear a hat 2.7 + 15
Turn on a bedside lamp 2.7 + 14

Complexity rating of various daily tasks (Boser et al., 2021), ranked from most to least difficult.
Participants rated the difficulty of each task on a scale from 1 (very easy) to 5 (very difficult).
Overview of participants’ prior experience with hand orthoses or exoskeletons along with
the associated reasons for their use or nonuse. Additionally, the frequency of utilization

of assistive or rehabilitative devices is presented.

45.5%) (Figure 3). Parents were also asked to evaluate their
child’s experience with orthoses in terms of importance and
satisfaction using a Likert scale (from 1-not important to
5-very important). The summary of responses is provided in
Table 5.

Third section of the survey

The preferred design of the hand exoskeleton was explored,
with the survey showing models of exoskeletons currently on
the market or in development. Figure 4 shows the models and
respondents’ preferences. Parents when asked about weight
capacity, responses varied, but higher capacities (> 1kg)
were generally preferred, as shown in Figure 5.

Parents also identified the benefits they expected from an
exoskeleton (Table 6 - Importance of Activities for Hand
Exoskeleton Assistance), as well as the specific movements it
should support (Table 6 — Agreement with the Potential
Benefits of Using the Hand Exoskeleton). The results suggest
that parents believe an exoskeleton would be beneficial across
all ADL tasks, with particular emphasis on small object manip-
ulation. They also reported several key factors regarding the
design of a hand exoskeleton, including concerns about weight,
overall comfort, potential pain during use, and social perception
(Table 6 — Potential Problematics with Hand Exoskeleton Use).

Many respondents thought that the exoskeleton would
most likely enhance their child’s ability to perform tasks
related to dressing, personal hygiene, and eating (Figure 6).
On the other hand, the potential use of the exoskeleton for
recreational activities and technology interaction was consid-
ered less important.

When asked about the objects an exoskeleton should assist
with (Figure 7), parents prioritized clothing, eating utensils,
and drinking glasses. In contrast, technology-related objects
such as smartphones, keyboards, and joysticks received less
interest.

Additionally, parents evaluated various aspects that are
crucial for the acceptance of the exoskeleton, including its
perceived usefulness, trustworthiness, aesthetic appeal, and
potential stigma. These factors were assessed using a Likert
scale (1-strongly disagree to 5-totally agree), where par-
ents rated their agreement with each statement. The
results, broken down across different domains of evalua-
tion, are illustrated in Figure 8. In this assessment, parents
gave more attention to trust (4.0) and aesthetics (rated
between 4.0 and 4.3), but less to stigma (rated between
2.8 and 3.1).

The expected daily usage of the exoskeleton was also ana-
lyzed, with most parents indicating a preference for moderate
usage durations (Figure 9).

The expected frequency of use was explored with respect to
different activities, parents identified school as the most rele-
vant setting for the application of the exoskeleton, whereas
sports activities were considered less applicable (Table 7 -
Frequency of Exoskeleton Use for Activities).

While most parents (78.4%) believe their child would be
interested in using a hand exoskeleton (Table 7 - Perceived
Child Interest in Using a Hand Exoskeleton), fewer were willing
to buy one. Cost was identified as a major barrier (Figure 10),
with nearly half (48.6%) expressing they would only consider
using the device if it was prescribed through the national
health system.
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Table 3. Movement importance (n =43, SD = Standard deviation).

Importance of the movement

(1-not important to 5-very important) mean + SD
E. Cylindrical grip ' 43 + 0.9
G. Hook grip . 43 + 0.9
L&
M. Thumb movements ;;? 43 + 1.0
H. Pinch grip 43 + 0.9
F. Spherical grip ‘ 4.2 + 0.9
I. Three-finger grip 4.2 + 0.9
L. Lumbrical grip 4.1 + 1.0
B. Extension pY 39 + 1.1
C. Ulnar deviation 37 + 1.0
A. Flexion oy 3.7 + 1.1
V. 4
3.6 +* 1.1

D. Radial deviation !I

Importance rating of different hand movements (Yang et al., 2015), ranked from most to least important.
Participants evaluated the significance of each movement on a scale from 1 (not important) to 5 (very
important).

Table 4. Previous experience with orthoses (n = 43).

Previous experience with hand orthoses or exoskeleton

No 74.4%
Motivation
Never proposed by the doctor 56.3%
Not available on prescription 0.0%
Too complex to use 0.0%
Use not tolerated 0.0%
Not useful 31.3%
Other reason 12.5%
Yes 25.6%
Wear it autonomously 27.0%
Need help to wear it 73.0%
Frequency of Use
<2 hrs/day 45.5%
2-8 hrs/day 45.5%
8-12 hrs/day 9.1%
>12 hrs/day 0.0%

Overview of participants’ prior experience with hand orthoses or exoskeletons along with the associated
reasons for their use or nonuse. Additionally, the frequency of utilization of assistive or rehabilitative
devices is presented.



60.0% 54.5%

50.0%
40.0% 36.4%
30.0%

20.0%
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45.5%

18.2%
9.1%

0.0%

Model A Model B Model C Model D Model E Model F Model G

LA .B

L swg § o

Figure 3. Distribution of orthoses models used by patient respondents (n = 11). Distribution of different orthosis models used by the patient respondents. The bar chart
presents the percentage of participants that used each model in prior experience. Below the chart, images of the corresponding orthoses models providea visual reference.

Table 5. Perceived importance and satisfaction with orthoses features (n =11, sd= Standard deviation).

Importance Satisfaction

mean + SD mean + SD
Weight 48 + 0.4 Resistance 37 + 0.4
Comfort 48 + 0.4 Washability 35 + 1.1
Function 4.8 + 0.4 Dimensions 35 + 0.8
Dimensions 44 + 0.6 Weight 34 + 1.0
Wearability 44 + 0.6 Wearability 34 + 1.1
Resistance 4.0 + 0.4 Function 34 + 0.9
Washability 3.9 + 0.9 Aesthetic appearance 33 + 0.6
Aesthetic appearance 3.6 + 0.9 Comfort 3.1 + 0.8

Comparison between the perceived importance and satisfaction levels associated with various orthosis features based on prior user experiences.
The features are ranked from most to least important according to participants’ responses. Ratings were assessed on a scale from 1 (not

important/not satisfying) to 5 (very important/very satisfying).

However, training time was not perceived as a significant
obstacle, as 43.2% of parents were willing to participate in
a three-hour training program, and 40.5% would commit to
a 5-7-hour program (Table 7 - Parental Commitment to Hand
Exoskeleton Training).

Discussion

This study highlights the user needs for pediatric manual exos-
keletons as reported by parents of children with upper-limb
neuromotor disorders who had previously been hospitalized at
our facility. The results provide valuable insights into both func-
tional priorities and potential barriers to adoption.

The first section of the survey confirmed that almost all ADL
present challenges for children with neuromotor disorders. In our
sample, parents most frequently identified eating and self-care as
important tasks, reflecting their view that these activities are
fundamental to fostering independence and improving quality
of life. These findings align with previous research (Li et al., 2024;
Nam et al.,, 2019), reinforcing that solutions must prioritize daily
self-care activities over recreational use. Additionally, in the

various age groups we can highlight some interesting differences:
dressing seems very important for the 11-14 age group and - on
the contrary — unimportant for the 3-5 age group. To quantita-
tively analyze these differences, a larger sample and more targeted
questions would be required, offering valuable insights for future
research.

Interestingly, the ranking of task complexity (Table 2) adds
a functional dimension to design requirements. Parents reported
that buttoning clothes, opening jars, and zipping jackets were
among the most complex tasks, reflecting multi-step actions
that combine fine motor control, strength, and bilateral coordina-
tion. These responses suggest that parents envision a pediatric
exoskeleton that could facilitate not only monolateral task but also
more complex, bimanual activities. Conversely, tasks rated as less
complex (e.g., turning on a lamp, putting on a hat) may require
simpler forms of assistance.

Our findings on grasp types (Table 3) are consistent with prior
work in adult populations, where cylindrical and pinch grips were
found to be fundamental for daily living (Lambercy et al., 2013;
Randazzo et al., 2018; Schabowsky et al,, 2010). In this way, the
importance of this type of grips is reinforced by this finding,
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Figure 4. Preferred exoskeleton design (n=38): distribution of participant preferences for various exoskeleton designs. The bar chart shows the percentage of
respondents who selected each design as their preferred choice. Below the chart, images of the corresponding exoskeleton models provide a visual reference in the
survey. (image source: a) Hand Therapy Rehabilitation Glove for Stroke, https://www.saebo.com/products/saeboglove, accessed on March 2024; B) Polygerinos et al.
(2015) C) PEXO https://relab.Ethz.ch/, accessed on March 2024; d) Araujo et al. (2021); e) CNR archives).
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Figure 5. Preferred weight capacity for exoskeleton hand (n=39): distribution of weight capacity rated in the survey. The horizontal bar chart illustrates the percentage

of respondents who selected a weight capacity range.

which also applies to the pediatric population. These grips are
directly linked to eating, hygiene, and dressing, which are tasks
repeatedly prioritized by parents. This pediatric focus distin-
guishes our work from earlier adult-oriented research, under-
lining parents’ perception that grasp-support strategies should
be tailored to children’s developmental and functional contexts.

The second section revealed that nearly 25% of respondents
had prior experience with orthoses, suggesting that some
families are already familiar with assistive technologies.

However, despite prior exposure, existing orthotic solutions
did not fully meet user expectations in terms of weight, comfort,
and functionality. This finding is consistent with Li et al. (2024),
who reported that many pediatric users abandon assistive
devices due to discomfort or difficulties in daily use reinforcing
parents’ view of the necessity of user-centered design
approaches to improve functionality and long-term adherence.
The responses indicate a clear need for improvements in these
aspects to ensure higher satisfaction and sustained use (Bula-
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Table 6. Parental preferences, perceived benefits, and potential challenges regarding hand exoskeleton use in Italy (n =43, SD

= Standard deviation).

Importance of Activities for Hand Exoskeleton Assistance

(1-not important to 5-very important) mean + SD
Small Object Manipulation 44 + 0.7
One-arm object rotation 4.2 + 1.0
Two-arm Grasp 4.2 + 0.8
Large object Grasp 42 + 0.9
One-arm Throw 4.1 + 0.9
One-arm Front hold 4.0 + 0.9
Two-arm Front hold 4.0 + 0.9
One-arm Side hold 34 + 1.0

Agreement with the Potential Benefits of Using the Hand Exoskeleton

(1-strongly disagree to 5-strongly agree)
Quality of Life 4.1 + 0.8
Better activity Performance 4.1 + 0.8
Independence Improvement 4.1 + 1.0
Daily usefulness 4.1 + 0.7
Activity improvement 4.1 + 0.7

Potential Problematics with Hand Exoskeleton Use

(1-not problematic to 5-very problematic)
Weight 3.8 + 1.0
Skin irritation 37 + 1.0
Pain 37 + 1.1
Discomfort 37 + 1.0
Sweating 34 + 1.1
Difficulty wearing 3.2 + 12
Embarrassment 32 + 1.2
Aesthetics 3.1 + 12
Battery life 3.1 + 1.0
Maintenance 3.0 + 1.0

The table presents the mean scores of participant responses ranked from the most important to the least one regarding (1)
Importance of Activities for Hand Exoskeleton Assistance, rated from 1 to 5, where 1 is “not important” and 5 is “very
important” for various hand functions; (2) Agreement with the Potential Benefits of Using the Hand Exoskeleton, showing the
mean agreement scores (on a scale of 1 to 5, where 1 is “strongly disagree” and 5 is “strongly agree”) regarding the perceived
benefits of hand exoskeleton use; and (3) Potential Problematics with Hand Exoskeleton Use, presenting the mean ratings (on
a scale of 1 to 5, where 1 is “not problematic” and 5 is “very problematic”) for potential challenges associated with hand

exoskeleton use.

Dressing
Personal Hygiene
Eating
Technology Use

G

Recreation Time

Number of Selections

B S L B S R R T e R R e B U
L S R Lt R
S ey 15

BN I RSO 11

Figure 6. Preferred activities for hand exoskeleton support (n=43): distribution of parental preferences for ADLs where a hand exoskeleton would be most beneficial for
their child. The horizontal bar chart displays the number of times each activity was selected by parents when asked to identify the two most important ones they
believed an exoskeleton would help their child perform. The activities are ranked from the most frequently selected to the least frequently selected.

Opyola et al., 2022; Ryan et al., 2009). The frequency of orthoses
usage observed in this study mirrors findings from Russo et al.
(2009), with more than half of the users (54.6%) wearing the
device for more than four hours per day.

Initially, the third section aims to identify parents’ expecta-
tions regarding the device design. As shown in Figure 4, they
selected a design that is very hand-fitting and has partially visible
activation mechanisms. This finding may suggest the use of
a cable-based activation mechanism instead of a joint during

the design phase. Furthermore, parental feedback on design
preferences underscores the importance of weight, comfort,
and wearability as key success factors for a pediatric hand
exoskeleton, highlighting that findings previously reported in
the adult population are also confirmed in the pediatric popula-
tion. While stigma was rated relatively low, parents consistently
indicated that visual appearance should not be a secondary
concern. A child-friendly, discreet design that minimizes stigma
while remaining appealing could enhance acceptance and daily
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Figure 7. Objects facilitating use with a hand exoskeleton (n=43): distribution of types of objects that respondents believe would be most easily used with a hand
exoskeleton. The horizontal bar graph displays the number of times each object category was selected when asked to indicate the three most important objects.

Objects are ranked from the most selected to the least selected.
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Need for an attractive design

Importance of aesthetic appeal
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comfort in social situations
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wearing the exoskeleton publicly
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Figure 8. Parental attitudes towards hand exoskeletons in Italy (n=43): this figure presents the distribution of parental responses regarding their attitudes towards
hand exoskeletons for their children in Italy, based on a Likert scale from 1 (strongly disagree) to 5 (totally agree). The figure illustrates parental agreement with
statements related to trust in safety, aesthetics, and potential stigma associated with exoskeleton use. Mean scores are shown for each statement, grouped into the

categories of trust, aesthetics, and stigma.

use (Butzer et al., 2019). At the same time, in the survey, parents
showed a high level of trust in exoskeletons, implying that once
issues of comfort and aesthetics are resolved, the likelihood of
adoption would be much higher.

Another key finding relates to expected daily use. Most
parents envisioned their child wearing the device for 2-8 hours
per day (Figure 8), consistent with earlier reports that children
tolerate extended wear when comfort is prioritized (Russo
et al., 2009). This parental expectation reinforces the perceived

need for lightweight materials and ergonomic designs to pre-
vent fatigue during prolonged usage.

Cost and reimbursement emerged as critical barriers.
Almost half of parents (48.6%) stated they would only
consider the device if provided through the national
healthcare system (Figure 9). Similar results have been
reported in other studies (Li et al.,, 2024; Lieber et al,
2022), underscoring that accessibility will depend not only
on technical development but also on healthcare policy
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Figure 9. Estimated daily usage of hand exoskeleton (n=43): the pie chart
displays the percentage distribution of time ranges for expected daily use, with
categories including less than 2 hours per day, 2-8 hours per day, 8-12 hours
per day, and more than 12 hours per day.

and funding mechanisms. These parental responses high-
light that reimbursement considerations will be crucial for
future design and dissemination processes. This finding is
particularly relevant in the Italian healthcare context,
where medical devices are typically prescribed through
public healthcare services. Different contexts and national
health systems may provide different results. At the same
time, we believe that the design should take into account
the need for the device to adapt to the growth of pediatric
patients, in order to minimize production costs.

Finally, parents expressed strong willingness to commit
to training, with over 80% ready to participate in multi-
session programs. This attitude confirms the feasibility of
implementing structured learning protocols (Santos et al.,
2017), which may further improve adherence and
usability.

ASSISTIVE TECHNOLOGY 1

Opverall, the high level of parental interest in pediatric hand
exoskeletons, with 76.3% indicating potential benefits for their
child, reflects promising expectations for future development.
To meet these expectations and ensure successful implementa-
tion, future designs should prioritize comfort, ease of use, and
aesthetics, while also addressing financial accessibility.

Strengths & limitation

This study provides an exploratory description of parental per-
spectives on the needs for an assistive pediatric manual exoske-
leton, based on feedback from 43 parents of children with
neurological disorders. To our knowledge, very few studies
have investigated user requirements specifically for pediatric
upper-limb exoskeletons, and this work contributes to filling
that gap. By directly capturing the voices of caregivers, the study
offers preliminary but valuable insights to guide user-centered
design and healthcare integration of such technologies.

This study also has several limitations. First, it was conceived
as an exploratory descriptive survey with a relatively small and
heterogeneous convenience sample recruited from a single
Italian clinical network, which limits generalizability and does
not allow for robust inferential subgroup analyses (e.g., by age
group or prior orthosis experience). All reported patterns
should therefore be interpreted as descriptive trends only.
Additionally, the survey was adapted from existing instruments
but was not subjected to a formal psychometric evaluation (e.g.,
internal consistency, test — retest reliability, construct validity),
nor did we perform back-translation or cultural adaptation
procedures. These steps were beyond the scope of our explora-
tory aim but should be addressed in future confirmatory
research. Finally, perspectives were collected only from parents
or caregivers; future studies should also attempt, where feasible,
to incorporate the views of children themselves, particularly
those old enough to express their own experiences.

Table 7. Parental perceptions of exoskeleton usage, training Commitment, and child interest (n = 43, sd= Standard

deviation).

Frequency of Exoskeleton Use for Activities

(1-never to 5-always) mean + SD
School Time 4.0 + 1.0
Meal Time 3.7 + 1.0
Personal Hygiene 3.6 + 1.0
Game Time 3.6 + 0.9
Sport activities 33 + 13
Parental Commitment to Hand Exoskeleton Training
%
1 session of 1 h 16.2%
3 sessions of 1 h 43.2%
5-7 sessions of 1 h 40.5%
Perceived Child Interest in Using a Hand Exoskeleton
%
Yes 78.4%
No 21.6%

The table is divided into three sections: (1) Frequency of Exoskeleton Use for Activities, shows the mean ratings (on
a scale of 1 to 5, where 1 is “never” and 5 is “always”) for how often parents envision their child using the
exoskeleton for various activities. (2) Parental Commitment to Hand Exoskeleton Training, displays the percentage
of parents willing to dedicate different durations of training time. (3) Perceived Child Interest in Using a Hand
Exoskeleton, presents the percentage of parents who believe their child would be interested (“Yes”) or not

interested (“No”) in using the device.
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Figure 10. Willingness to pay for an active hand exoskeleton in Italy (n=43): distribution of parental responses regarding their willingness to pay for an active hand
exoskeleton in Italy. The horizontal bar chart illustrates the percentage of respondents who selected each budget range, including those who indicated they were not

interested in purchasing the device. Budget ranges are presented in euros (€).

Future research should therefore focus on validating and
refining the survey instrument, expanding recruitment to
larger and more diverse international samples, and integrat-
ing both caregiver and child perspectives. Such studies will
be essential to confirm subgroup differences and to
strengthen the evidence base for designing pediatric exoske-
letons that are both effective and acceptable in real-world
contexts.

Conclusion

This study provides a comprehensive overview of the potential
user needs for pediatric hand exoskeletons, focusing on func-
tional, design, and aesthetic factors that may influence adop-
tion. The primary findings reveal that parents are most
concerned with improving their children’s ability to perform
ADLs and less focused on recreational activities or use of
technology. Furthermore, the survey highlighted critical
design features such as weight, comfort, and wearability,
which were deemed highly important. For hand exoskeleton
developers, these insights suggest that future prototypes must
prioritize lightweight materials, comfort-enhancing designs,
and a focus on practical functions to meet the high expecta-
tions of potential users. Moreover, efforts to minimize stigma
through thoughtful design choices will be crucial in encoura-
ging adoption among children and their families.
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