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Abstract: This study investigated the impact of early prosthetic intervention on children with upper
limb agenesis or amputation. The aim was to assess both how early prosthetics improve a child’s
movement and coordination skills, as well as how satisfied both the child and their parents are
with the prosthesis. Twenty-nine children were evaluated using the Unilateral Below Elbow Test
(UBET) and Child Amputee Prosthetics Project—Prothesis Satisfaction Inventory (CAPP-PSI). Results
suggest that while children performed tasks faster and more fluidly without a prosthesis, they were
satisfied with the prostheses and the service provided. This may be due to ongoing adaptation to
the new device. The single child re-evaluated at 12 months showed improvement in prosthesis use,
highlighting the potential benefits of early intervention coupled with motor re-education. Further
research is needed to optimize prosthetic features and address initial challenges associated with
prosthesis use.
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1. Introduction

In today’s clinical and rehabilitation landscape, the management of children with
agenesis or amputation of the upper limb has become an area that increasingly requires the
definition of shared protocols for treatment and care. This pediatric population, character-
ized by unique needs at both motor and psychosocial levels, requires special attention in
order to ensure an optimal quality of life (QoL) and healthy development. One of the key
interventions in this context is prosthesization, a solution that, if introduced in a timely man-
ner, promises to redefine the developmental trajectory of these young patients [1]. However,
despite expectations and clinical evidence, the scientific literature on the evaluation of the
outcomes of such interventions still remains largely limited.

The fundamental premise of this work stems from the need to fill this information gap.
Considering that the upper limb plays a key role in numerous daily activities, such as

interacting with objects, playing, and learning, it is essential to determine to what extent
early prosthesization can improve these abilities or, possibly, whether there are inherent
limitations to the device that require further therapeutic intervention [2].

However, it should be noted that although prosthesization is a fundamental step in
the Individual Rehabilitation Project (IRP), it does not operate in isolation. The integration
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of prostheses goes hand in hand with a set of interventions, including physical therapies,
motor re-education, and psychological support, which together contribute to the success of
the therapeutic approach. Therefore, it is essential to consider prosthesization as part of a
broader system of care delivered by a rehabilitation team that works together to achieve the
ultimate goal of rehabilitation and the improvement of the child’s autonomy and QoL [3].

Amputations, or congenital malformations of the hand and upper limb, represent
an eventuality that is not particularly frequent in clinical practice, and the literature is
relatively poor in epidemiological studies on the subject [4,5].

Agenesis of the upper limb involves the congenital partial or total absence of either
upper limb and can occur in various forms, ranging from complete absence of the limb
to absence of parts of it. Most limb malformation abnormalities occur during the embry-
onic stage of differentiation. The malformation is understood as an abnormality during
formation and/or differentiation, may be associated with a specific part of the developing
limb, and may result in an abnormality affecting the entire limb or only part of it [6–8]. Not
to be overlooked is the fact that these pathologies of the upper limb are not infrequently
associated with other independent malformations or resulting from genetic syndromes
such as Holt–Oram, radial aplasia with thrombocytopenia, De Lange, and others [9–14].
These defects may go unrecognized or unrecorded. In addition, minor abnormalities may
never be detected or recorded. The incidence of agenesis of the upper limb, therefore,
varies depending on the populations and study methodologies adopted, as well as the
geographical area studied, but is generally estimated to affect 1–2 per 4000 live births [1,15].

With regard to upper limb amputation in children, on the other hand, the causes
are mainly trauma, tumors (such as Ewing sarcoma and osteosarcoma), infections, or
congenital malformations [16–21].

Children with agenesis or amputation of the upper limb are confronted with four
main challenges: (1) difficulties in the development of normal motor skills, (2) the need for
assistance in daily activities, (3) limitations in certain activities of daily living (ADLs) and
in sport, and (4) potential emotional and social problems due to physical appearance [22].

The Neuronal Group Selection Theory (NGST) comes into play to support the thesis
that early prosthesization can be beneficial for the child. The NGST emphasizes the
hypothesis that the brain is organized in neuronal networks that are influenced by the
child’s development and behavior and that, in particular, motor development appears to
be characterized by two phases of variation: primary variability, in which motor activity
does not depend on the environment, and secondary variability when the child learns to
select the most efficient motor strategies from a repertoire of variable movements, based
on active practice [23]. This current of thought suggests that the first prosthesis should be
prescribed as early as possible, giving the child the opportunity to develop an expanded
motor repertoire with and without a prosthesis [1,2,24].

In this descriptive observational study, we aim to examine the impact of early pros-
thetic intervention on motor function and QoL on a population of children with upper limb
agenesis or amputation. The aim is twofold: on the one hand, to assess possible benefits in
terms of motor strategies and dexterity, and on the other hand, to evaluate the influence of
such interventions on child and parent satisfaction with the prosthesis.

2. Materials and Methods

The protocol was carried out at the Upper Limb Day Hospital (DH), Department of
Neurorehabilitation of the Bambino Gesù Children’s Hospital, Rome, Italy, EU.

The clinical protocol was conducted, recorded, and reported in accordance with Good
Clinical Practice guidelines and the Declaration of Helsinki. As the children were underage,
all participants’ caregivers were asked to sign an informed consent form before taking part
in the study; all children were, however, asked to agree to participate in the study [25].
Ethical review and approval were waived for this study due to the explorative nature of
the study and the non-intervention.
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All children with agenesis or upper limb amputation, referred to the DH, were evalu-
ated for this study by a specialist in Physical and Rehabilitation Medicine (PRM) together
with an orthopedic technician. In case the child did not already have a prosthesis, the
prosthesis was chosen from two options: aesthetic passive prosthesis and myoelectric
prosthesis [26,27].

Following prosthesis delivery, the first clinical evaluation by PRM, a hand surgeon,
together with both the physiotherapist (PT) and occupational therapist (OT), was conducted.
All children already had an ongoing IRP at other centers, mainly in the form of motor
re-education. These interventions were continued following the recommendations of
the referring physicians, with the addition of a prosthesis-based re-education program
established at the DH. Children were then re-evaluated after six months of motor re-
education with and without the prosthesis. Only one child received a second follow-up
evaluation at 12 months.

During the multidisciplinary examinations conducted by PRM, a hand surgeon, and a
PT or OT, the children underwent the following assessments:

UBET (The Unilateral Below Elbow Test) [28]. The UBET was developed to assess the
function of bimanual tasks for both prosthesis wearers and non-wearers. UBET consists of
nine tasks for each of the four age-specific categories defined by the developmental stages
of hand function (2–4 years, 5–7 years, 8–10 years, and 11–21 years) (Table 1).

Table 1. UBET scale-tasks.

UBET-Tasks

2–4 Years 5–7 Years 8–10 Years 11–21 Years

Task 1 Take Play-Doh out of a
plastic bag

Cut paper circle from
construction paper Swing a bat

Cut paper from a roll to
wrap
a videotape

Task 2 Bang cymbals together
Remove cap from felt
tip
marker

Wind string onto yo-yo Tear a piece of tape

Task 3 Put sock on foot Sharpen pencil Open a Band-Aid Secure wrap on
videotape with tape

Task 4 Thread beads Do up buttons on vest Tie shoelaces in a bow Cut putty on plate with
knife and fork

Task 5 Open a jar of bubbles Tie shoelaces in a knot Do up buttons on a shirt Open a three-ring
binder

Task 6 Ride on a Rolling Racer Turn kaleidoscope Make a telescope with
paper and a rubber band Start zipper on vest

Task 7 Open drawstring bag and
dump LEGO DUPLOs out Separate LEGOs Place glove on unaffected hand Tie shoelaces in a bow

Task 8 Separate LEGO DUPLOS Use bow and arrow Draw a line with a ruler Do up buttons on a
shirt

Task 9 Open a box of crayons
and remove one Ride on Rolling Racer Start zipper on vest Use dust pan and small

broom

UBET is divided into two subscales: Task completion and Method of use.
Task completion assesses the level of function on a 5-point interval scale designed

to distinguish the ease of completing the task and the quality of movement displayed by
a child. Task completion is the main score to be used to assess function, as the essential
assessment is whether the child is able to perform a specific task. The scale for Task
completion ranges from 0 to 4, with 4 representing completion of the task without difficulty
and 0 representing inability to complete the task.
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The Method of use is the manner in which the child uses the prosthesis to achieve the
goal. It is calculated on a 4-point scale that is denoted by categorical variables described
as follows:

Code With the Prosthesis Without the Prosthesis

A Active grip through the end of the device
Manipulation and/or stabilization
via the stump end

P
Passive use of the prosthesis through the
forearm or end part of the device

Forearm stabilization

E Grip through the elbow or trunk Grip through the elbow or trunk

N No use of the affected limb No use of the affected limb

This score can be used to compare performance between the wearer and non-wearer of
the prosthesis, performance by the same subject with and without a prosthesis, and finally,
to assess performance with two different types of prosthesis. To promote spontaneity, the
assessment is video-recorded, and the scores for Task completion and Method of use are
assessed in a subsequent viewing.

Children were also divided into two populations according to age group (preschool
and school), and a comparison of the total values obtained from the UBET scales adminis-
tered in the first assessment was carried out.

CAPP-PSI (Child Amputee Prothetics Project—Prothesis Satisfaction Inventory) [29].
The CAPP-PSI is a standardized measure of prosthetic satisfaction in children with limb
deficits. It is designed to assess parents’ satisfaction with the prosthetic device prescribed
for their child with regard to fit, function, appearance, and service. Parents rate 14 questions
divided into 3 scales as follows:

1. Child satisfaction assessed by the parents with the prosthesis (e.g., “Does your child
like the way his prosthesis fits?”);

2. Parental satisfaction with the prosthesis (e.g., “Are you satisfied with the way your
child’s prosthesis helps him/her perform activities of daily living?”);

3. Parental satisfaction with the service (e.g., “Are you satisfied with the time it took to
repair your child’s prosthesis?”).

Parents select an answer for each question using the following categories with scores
from 0 to 4: 0 = ‘not at all’; 1 = ‘slightly’; 2 = ‘quite a lot’; 3 = ‘very much’; 4 = ‘extremely’.

All data were initially entered into an Excel spreadsheet (Microsoft, Redmond, WA, USA).
Descriptive statistics are shown as mean ± standard deviation (SD) or as a percentage.

3. Results

Twenty-nine children (19 boys, 66%, age 1–12 years) with unilateral upper limb
agenesis or amputation were enrolled for the purpose of this study. Among them, 23 (79%)
showed a forearm/wrist amputation and 6 (21%) a carpus/finger amputation.

At the first assessment, seven (24%) children already had a prosthesis (five had an
aesthetic prosthesis, and two had a myoelectric prosthesis), while the other 22 (76%) had
never worn an upper limb prosthesis. Five of the twenty-two (23%) children without a
prosthesis were offered and given an aesthetic prosthesis; one of these children was then
switched from an aesthetic prosthesis to a myoelectric prosthesis. Thus, a total of twelve
children were fitted with prostheses; nine (75%) received aesthetic prostheses, while three
(25%) were myoelectric devices.

All the young patients carried on the entire protocol. The entire population agreed to
be re-evaluated without a prosthesis, and the 12 children with prostheses were additionally
evaluated while wearing the device.

The UBET scale was administered to all children by dividing them into age groups
(2–4 years, 5–7 years, 8–10 years, and 11–21 years) and taking into account its two compo-
nents: Task completion and Method of use. Tables 2 and 3 show the efficiency of completion
of each UBET scale task, respectively, without and with a prosthesis on.
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Table 2. UBET Task completion scale results, without prosthesis evaluation.

UBET-Task Completion: Evaluation without Prosthesis

N Mean Std. Deviation

Task 1 29 3.10 0.900

Task 2 29 3.03 1.476

Task 3 29 2.52 1.353

Task 4 29 2.28 1.386

Task 5 29 2.62 1.522

Task 6 29 2.62 1.347

Task 7 29 3.10 1.047

Task 8 29 2.72 1.386

Task 9 29 3.00 1.069

Overall 29 25.00 7.096

Table 3. UBET Task completion scale results, with prosthesis evaluation.

UBET-Task Completion: Evaluation with Prosthesis

N Mean Std. Deviation

Task 1 12 2.50 1.243

Task 2 12 2.08 1.676

Task 3 12 2.33 1.371

Task 4 12 2.33 1.497

Task 5 12 2.25 1.288

Task 6 12 2.67 1.155

Task 7 12 2.92 1.165

Task 8 12 3.17 1.115

Task 9 12 3.42 0.515

Overall 12 23.67 6.050

Most of the children performed and completed the various tasks with little or no difficulty,
whether the tasks were performed with or without a prosthesis; none of the participants
failed in completing the tasks. A difference between the two conditions emerged when
comparing the overall sum of mean results (25 ± 7.096 without prosthesis—23.67 ± 6.050
with prosthesis).

UBET Method scale results are reported in Table 4 (without prosthesis) and Table 5
(with prosthesis) as percentages of used parts.
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Table 4. UBET Method of use scale results without prosthesis evaluation. A: Manipulation and/or
stabilization via the stump end; P: Forearm stabilization; E: Grip through the elbow or trunk; N: No
use of the affected limb.

UBET-Method of Use: Evaluation without Prosthesis

Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 Task 7 Task 8 Task 9

A 41.4% 37.9% 41.4% 44.8% 37.9% 51.7% 41.4% 41.4% 41.4%

P 37.9% 27.6% 27.6% 27.6% 27.6% 27.6% 34.5% 34.5% 41.4%

E 13.8% 24.1% 20.7% 20.7% 27.6% 20.7% 20.7% 20.7% 10.3%

N 6.9% 10.3% 10.3% 6.9% 6.9% 0% 3.4% 3.4% 6.9%

Table 5. UBET Method of use scale results with prosthesis evaluation A: Active grip through the end
of the device; P: Passive use of the prosthesis through the forearm or end part of the device; E: Grip
through the elbow or trunk; N: No use of the affected limb.

UBET-Method of Use: Evaluation with Prosthesis

Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 Task 7 Task 8 Task 9

A 33.3% 0.3% 41.7% 24.9% 24.9% 50% 41.5% 41.5% 41.5%

P 16.7% 24.9% 16.7% 33.3% 24.9% 33.3% 16.7% 41.5% 41.5%

E 50% 41.5% 24.9% 41.5% 16.9% 16.7% 41.5% 16.7% 16.7%

N 0% 33.3% 16.7% 0.3% 33.3% 0% 0.3% 0.3% 0.3%

A trend of greater utilization of the distal portions of the stump in tests without the
prosthesis can be appreciated; conversely, with the prosthesis on, the trend is toward greater
utilization of the more proximal portions of the prosthetic limb. However, this trend is
not confirmed in tasks 3-6-7-8-9, which involves the distal part of the limb (e.g., putting
on a sock, riding a scooter by grasping the steering with both hands, detaching two Lego
bricks, opening a zip of a case with eight crayons and extracting one of them). Notably,
small percentages are scored at N value overall.

UBET scale results were also compared for age groups (Table 6) and amputation levels
(Table 7).

Table 6. UBET comparison for age groups.

Age N Mean Std. Deviation

Total without prosthesis
Preschool 13 22.31 6.486

School 16 27.19 6.997

Total with prosthesis
Preschool 6 21.00 4.290

School 6 26.33 6.713

Table 7. UBET comparison for amputation level.

Amputation Level N Mean Std. Deviation

Total without prosthesis
Forearm/Wrist 23 25.00 7.000

Carpus/Fingers 6 25.00 8.149

Total with prosthesis
Forearm/Wrist 9 23.89 6.698

Carpus/Fingers 3 23.00 4.583
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These data show a difference in motor skills without the use of the prosthesis in
the school-age population compared to the preschool population, even considering age-
adjusted performance as already established by the UBET.

Table 8 (overall results) and Table 9 (Difference according to the age of the child) report
data from the CAPP-PSI scale for prosthesis satisfaction.

Table 8. CAPP-PSI: overall results.

CAPP-PSI-Prosthesis Use Satisfaction Score

N Mean Std. Deviation

Child satisfaction (Parental judgment) 12 10.42 4033

Parental satisfaction with the prosthesis 12 10.50 3680

Parental satisfaction with the service 12 17.67 6959

Table 9. CAPP-PSI: difference between preschooler and school age.

Difference in Average Prosthesis Satisfaction Scores according to the Age of the Child

Age N Mean Std. Deviation

Child satisfaction (Parental
judgment)

Preschool 6 10.17 4.535

School 6 10.67 3.882

Parental satisfaction with
the prosthesis

Preschool 6 9.83 4.167

School 6 11.17 3.371

Parental satisfaction with
the service

Preschool 6 18.50 3.834

School 6 16.83 9.496

Mean results show that families and children were quite satisfied with the prescribed
prosthesis and very satisfied with the service (delivery time of the prosthesis, instruc-
tions/indications given, manufacturing/repair time, rehabilitation/training activities with
respect to the use of the prosthesis). Results were also comparable when preschool and
school differences were analyzed.

Data from Follow-Up at 12 Months of Single Child

Table 10 (without prosthesis) and Table 11 (with prosthesis) report data on the UBET
Method of use scale of the single child who received a second assessment at a 12-month
time point.

Table 10. UBET Method of use scale results without prosthesis evaluation of a single child A:
Manipulation and/or stabilization via the abutment end; P: Forearm stabilization; E: Grip through
the elbow or trunk; N: No use of the affected limb.

Evaluation without Prosthesis—UBET Method of Use

Time Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 Task 7 Task 8 Task 9

6 months A E E A A A E A A

12 months A E E A A A E A A
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Table 11. UBET Method of use scale results with prosthesis evaluation of a single child. A: Active
grip through the end of the device; P: Passive use of the prosthesis through the forearm or end part of
the device; E: Grip through the elbow or trunk; N: No use of the affected limb.

Evaluation with Prosthesis—UBET Method of Use

Time Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 Task 7 Task 8 Task 9

6 months E E E P P P E P P

12 months A E E A A A E A A

Results completely overlap for the without prosthesis evaluation. On the other hand,
an improvement in the performance of tasks with the aid of the prosthesis is evident in
almost all tasks.

Table 12 (with prosthesis) and Table 13 (without prosthesis) report data of the UBET
Task Completion scale.

Table 12. UBET Task completion scale results with prosthesis evaluation of a single child.

Evaluation with Prosthesis—UBET Task Completion

Time Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 Task 7 Task 8 Task 9

6 months 1 1 1 3 1 1 3 3 4

9 months 3 4 3 0 0 3 4 3 4

Table 13. UBET Task completion scale results without prosthesis evaluation of a single child.

Evaluation without Prosthesis—UBET Task Completion

Time Task 1 Task 2 Task 3 Task 4 Task 5 Task 6 Task 7 Task 8 Task 9

6 months 3 4 3 0 0 3 4 3 4

12 months 3 4 3 0 0 3 4 3 4

The higher scores in Table 12 at the 9-month time point show a progressive adaptation
to the prosthesis, resulting in a reduction in the difficulty of performing tasks with the aid.
Again, as before, the results without a prosthesis are overlapping.

4. Discussion

This descriptive observational study investigated the efficacy and impact of early
prosthetic intervention on motor function and quality of life (QoL) in children with upper
limb agenesis or amputation.

Our findings based on UBET scores suggest that upper limb movements appeared
faster and more fluid without the prosthesis compared to movements with the prosthe-
sis, which were perceived as slower and more awkward. This may indicate a stronger
ingrained motor pattern with the stump than with the prosthesis. Given that this was a
first-time introduction to the prosthesis, adaptations to the new motor schema were likely
still ongoing. Disruption of the child’s established “normal” movement pattern could
explain the observed slower and less fluid movements with the prosthesis. As a result, the
child might initially perceive the prosthesis as an impediment rather than a facilitating tool.
Addressing movement disruptions, improving prosthetic features, and considering the im-
pact of motor impairments are crucial factors in enhancing the effectiveness and acceptance
of prosthetic devices in children. Literature reports suggest that interventions aimed at
improving movement skills in children could involve educating parents on recognizing
good and poor skill performance in their children [30]. Further support for a link between
movement disruptions and prosthesis use can be found in research on skilled tool use
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and prosthetic hand function. These studies have shown disruptions to typical eye-hand
coordination [31]. To address these challenges and improve user experience, researchers
have emphasized the importance of advancements in prosthetic features. Key areas of
focus include improved gloving materials, extended battery life, enhanced hand reliability,
and more natural finger movement [32].

A second peculiar finding stems from the UBET Method of use scale. During the
evaluation, children exhibited a more distal execution mode (greater use of the terminal
stump) for various activities without the prosthesis. However, this pattern changed with
prosthesis use. Excluding the N parameter (complete non-use), children displayed a more
proximal utilization of the prosthesis, likely attempting to manipulate it as if it were
his/her own stump. This dynamic tends to generate hostile reactions, helping to establish
a negative perception in the child that may detract from his involvement in the use of the
prosthesis. Interestingly, the percentage of distal usage for both the stump and prosthesis
increased during tasks requiring peculiar actions (items 3, 6, 7, 8, and 9). Examples
include tasks like putting on socks, grasping scooter handlebars with both hands, detaching
Lego bricks, opening a crayon case, and extracting a crayon. This suggests that children
can overcome established compensatory strategies and adapt to utilize the prosthesis
distally for specific tasks. This adaptation to using the prosthesis distally for specific
tasks could be influenced by factors such as patient satisfaction, functional outcomes,
and the perceived value of prosthetic use. Studies have shown that the age at the first
prosthetic fitting can impact later functional outcomes in children with limb deficiencies,
highlighting the importance of early intervention [33]. Furthermore, the effectiveness of
prosthetic devices in children is influenced by factors such as the prescription of the first
prosthesis, with studies indicating lower rejection rates in children fitted with their first
prosthesis at a younger age [24]. Additionally, advancements in pediatric prostheses and
considerations for future developments underscore the importance of designing prosthetic
devices that facilitate the effective performance of daily tasks and promote healthy social
interactions [34]. Another critical aspect concerns postural balance, both in static and
dynamic conditions. The child, without a prosthesis, has autonomously developed its own
balance strategy, resorting to different forms of adaptation and compensation that take
into account the amputated/agenetic limb. The introduction of the prosthesis represents,
in the initial stages, an element of disharmony that can generate feelings of discomfort.
In particular, the weight of the artificial limb may negatively affect postural stability.
However, it is important to emphasize that time, together with adequate training and
adaptation, can play a crucial role in facilitating the acquisition of greater stability and
optimal posture. Consequently, it can be inferred that the prescription of a prosthesis
should not be intended as a passive act but should necessarily be integrated into a motor
re-educational program, thus making the prosthetic intervention fully effective [35]. Our
data also suggest a potential link between age and motor skills without a prosthesis,
with school-aged children exhibiting higher performance compared to preschoolers. This
difference may be attributed to the extended adaptation time afforded to school-aged
children, allowing for the consolidation of compensatory strategies that enhance motor
skills and functional performance during activities.

The only child who received a 12-month follow-up revealed a progressive optimization
in the use of the prosthesis. The child went from a passive use of the prosthesis to an active
mode of use of the prosthesis, which is expressed by an increased use of the end part
of the aid. The performance of the same activities without the prosthesis did not show
any variation. Over time, the adaptation to the use of the stump had probably already
taken place and been consolidated. On the contrary, the child still had to adapt to the
use of the prosthesis. Motor re-education aims to bridge this gap by promoting the active
integration of the prosthesis and fostering the development of motor skills that enhance
dexterity and fluidity for daily tasks. It is also possible that initially, wearing the prosthesis
disrupted the postural balance learned by the child for dynamic and static compensations
with the agenetic/amputated limb. In the subsequent evaluations, the adaptation to the
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prosthesis may have led to an improvement of the postural balance, with a better use of the
prosthesis at different times. This is in agreement with the literature data, which confirm
the postural improvement that may result from the combination of an early prosthesis
and a correct motor re-education program, prompting the child to understand at an early
stage the possible benefits that may result from the use of the prosthesis, so as to motivate
him to overcome the initial phases in which the aid will certainly be perceived as an
agent disrupting the postural and motor scheme acquired by the child over time with his
amputation [32,36].

Early prosthesisation cannot be understood solely in relation to the time factor. The
earliness of prosthetising a child is certainly a fundamental parameter of great importance.
Citing NGST again, motor development seems to be characterized by two phases of
variation: primary variability, when the motor activity does not depend on the environment,
and secondary variability when the child learns to select the most efficient motor strategies
from a repertoire of variable movements, based on active practice. According to this
theory, experience-related information induces changes in synaptic connections within and
between neuronal groups, giving rise to the variable secondary repertoire [23]. The altered
connectivity within the secondary repertoire enables a situation-dependent selection of
neuronal groups. The analysis of the data shows how the early adoption of a prosthetic
implant, accompanied by an appropriate proprioceptive and motor re-educational program,
can facilitate the process of development of the neural pathways necessary for the effective
integration of the prosthesis by the child. This results in a more rapid acceptance of the
artificial limb and in its perception as a functional tool for the realization of optimal motor
patterns rather than as an obstacle, which is how the child tends to perceive it in the initial
stages of approach to the aid. In this initial phase, in fact, it is natural for the child to
consider the execution of the proposed tasks easier using the stump alone [2].

It is well known that the first contact with the prosthesis is experienced by the child
with a certain strangeness and sometimes even annoyance or frustration. The latter stems
from the awareness that control of the artificial limb is not immediate, which generates
difficulties in performing the desired actions and reinforces the belief that the same actions
would have been more easily achievable without the aid of the prosthesis [36]. The data we
collected further confirms these considerations.

Limitations

This study has several limitations.
First of all, since this is a descriptive observational study, no statistical analysis could

be carried out. Thus, no statistical significance could be extrapolated from our data.
Moreover, since the children were already undergoing an IRP, motor re-education was

not standardized, which could be a confounding factor.
Lastly, no evaluation of the psychological well-being of children has been made.
Future research should try to solve these issues and cover the gap.

5. Conclusions

Our study provides preliminary evidence regarding the evaluation of early prosthetic
use in children with agenesis or amputation of the upper limb.

Early prosthesization could be useful in ensuring a fast adaptation of the child to the
aid, considering the disruption of movement in the early phase of prosthesis use.

A multidisciplinary approach involving medical specialists and PT is essential. This
professional synergy is crucial in order to guarantee comprehensive support to both chil-
dren and their families, identify the most appropriate prosthesis, propose appropriate
motor treatments, and outline an optimal psychological pathway that favors adaptation
and learning to use the prosthesis. Such an intervention accelerates and facilitates the
development of motor strategies necessary to allow the child to accept and make the most
of the prosthesis, resulting in an improved quality of life, increased autonomy in activities
of daily living, and promotion of social integration with peers.
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