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Abstract: Background: The Child Amputee Prosthetics Project —Prosthesis Satisfaction
Inventory (CAPP-PSI) is a comprehensive instrument designed to measure satisfaction
across functionality, aesthetic, and service domains. This study aimed to translate,
culturally adapt, and evaluate the psychometric properties of the CAPP-PSI in an Italian
pediatric population. Methods: Following international guidelines, the CAPP-PSI was
translated and culturally adapted. Internal consistency was evaluated using Cronbach’s
alpha, while test-retest reliability was assessed with intraclass correlation coefficients
(ICCs). Construct validity was measured by analyzing correlations among subscales.
Results: A total of 113 children with congenital or acquired upper limb amputation,
accompanied by their parents, were recruited from the Bambino Gesu Children’s Hospital
in Rome. The Italian CAPP-PSI demonstrated excellent internal consistency (Cronbach’s
alpha =0.913) and strong test-retest reliability (ICC = 0.966). Subscale correlations showed
strong relationships between child and parent satisfaction (r = 0.724, p < 0.01) and parent
satisfaction with service (r = 0.612, p < 0.01), while moderate correlations were observed
between child satisfaction and service (r = 0.434, p <0.01). Conclusions: The Italian version
of the CAPP-PSl s a reliable and valid tool for assessing prosthetic satisfaction in pediatric
populations. It provides valuable insights for clinicians and researchers, supporting
patient-centered care and targeted improvements in prosthetic design and services.
Future studies should explore longitudinal outcomes and the role of psychosocial factors
in prosthetic acceptance.

Keywords: amputation; children; hand deficiencies; healthcare service; prosthetics;
satisfaction
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1. Introduction

Traumatic amputations in children are relatively uncommon [1], with reported
incidence rates ranging from 1.32 to 18.8 per 100,000 individuals [2]. Similarly, congenital
limb deficiencies are rare, with unilateral congenital below-elbow deficiencies
representing a specific type that affects the forearm and hand. This condition occurs in
approximately 1 to 2 live births per 4000 globally [3]. Both traumatic and congenital
amputations in children significantly influence daily functionality, independence, and
psychosocial well-being. These challenges underscore the critical importance of effective
prosthetic devices in promoting rehabilitation and facilitating social integration [4,5].

Prosthetic devices can play a crucial role in enhancing motor function, promoting
independence, and supporting participation in social and recreational activities. Although
the use of upper limb prosthetics can provide notable benefits, research reports high
abandonment rates, with an estimated 10% to 49% of pediatric users discontinuing use
[6]. Successful prosthetic outcomes rely heavily on both child and parent satisfaction with
the device, as satisfaction is directly linked to prolonged use and integration into daily life
[7,8]. Without effective functional and aesthetic appeal, children may perceive prosthetic
devices as restrictive or burdensome, leading to their rejection. Factors influencing
abandonment include discomfort, weight, a lack of sensory feedback, limited control, and
maintenance issues [9,10]. Social and psychological factors, such as the desire to fit in with
peers or avoid stigmatization, also significantly influence the acceptance and continued
use of prostheses [11,12].

The early fitting of prostheses is often recommended to support neural adaptation
and motor development. Some studies suggest that prostheses applied within the first
year of life may encourage the integration of prosthetic use into natural motor
development, while other research indicates that early fitting does not guarantee
improved motor outcomes or satisfaction later in life [11,13]. The variability in outcomes
underscores the need for comprehensive, individualized assessments of each child’s
functional needs, family expectations, and psychosocial context [14].

Given the complexity of factors influencing prosthetic use, validated outcome
measures are essential for accurately assessing the impact of prostheses on physical,
functional, and psychosocial aspects of life. The International Classification of
Functioning, Disability and Health (ICF) framework, recommended by the World Health
Organization (WHO), offers a structure for evaluating these multifaceted outcomes [15].
In pediatric prosthetics, specific assessment tools have been designed to evaluate physical
and social factors [4], including the Prosthetic Upper Extremity Functional Index (PUFI)
[16,17], which assesses the ease of completing tasks with and without the device. The
Unilateral Below Elbow Test (UBET) [18], the University of New Brunswick Test of
Prosthetic Function (UNB), and the Assessment of Capacity for Myoelectric Control
(ACMC) [19] are also frequently used for evaluating motor skills, functionality, and
capacity. These tools provide insights into how children interact with prosthetic devices
and where challenges may lie. To measure satisfaction, there is a lack of outcome measures
in the Italian context; Quebec User Satisfaction with Assistive Technology (QUEST) [20,21]
is one of the widely used outcome measure instruments for measuring satisfaction with
several assistive products and related services, but this is not specific to measuring
prosthetics in pediatrics.

The Child Amputee Prosthetics Project —Prosthesis Satisfaction Inventory (CAPP-
PSI) [22] is among the most comprehensive tools for assessing pediatric prosthetic
satisfaction. The CAPP-PSI evaluates satisfaction across performance, aesthetics, and
service, capturing the perspectives of both children and parents on the device’s usability,
appeal, and the quality of prosthetic care provided [22]. The CAPP-PSI includes three
main scales: the first assesses satisfaction with the prosthesis’ functionality, the second
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evaluates satisfaction with appearance, and the third measures satisfaction with the
prosthetic team’s service [22]. The inventory has shown high internal consistency and
reliability, making it a valuable tool for understanding both the child’s and the family’s
experiences with the prosthesis [8]. By providing detailed feedback on satisfaction, the
CAPP-PSI supports targeted improvements in prosthetic design and rehabilitation
services, ultimately helping to increase device acceptance and enhance quality of life.

Considering the importance of measuring these issues in clinical practice, the
objective of the present investigation is to translate, cross-culturally adapt, and measure
the psychometric properties of the CAPP-PSI in an Italian population of children with
both acquired and congenital amputations.

2. Materials and Methods

2.1. Translation and Cross-Cultural Adaptation Process

The initial phase of linguistic and cultural validation followed the methodology of
standard translation, back translation, and forward translation, adhering to the guidelines
specified in the Principles of Good Practice for the Translation and Cultural Adaptation
of Patient-Reported Outcome Measures [23]. Firstly, permission was requested and
obtained via email from the authors of the original version, who were also invited to
participate in the process. Secondly, two translations from English to Italian (forward
translation) were performed by two bilingual professionals, with one being an expert in
the field. The two professionals created two separate translations of the instrument, which
were then compared and consolidated into a single version through a consensual
discussion (reconciliation phase). The produced version was subsequently back-
translated into English by two independent native English speakers who were not
acquainted with the original scale. These translated versions were then compared with
each other and the original version to highlight any discrepancies in wording and the
semantic domain (harmonization phase). Next, with the involvement of an occupational
therapist, two neuro- and psychomotor therapists, a plastic surgeon, and a physical and
rehabilitation medicine doctor, the pre-final version of the CAPP-PSI was applied to a
small number of children to verify comprehensibility and interpretation. This aspect was
investigated in terms of the semantic domain and wording (cognitive debriefing). Once
any discrepancies and semantic equivalence were verified, the research group ultimately
obtained the final Italian version of the CAPP-PSI, which was approved and used for the
present research.

2.2. Participants

According to the established standards for choosing health measurement
instruments, a sample size of no fewer than 100 patients is considered suitable for validity
assessments [24]. Likewise, for test-retest reliability studies, it is recommended to include
at least 50 participants [25]. Participants were recruited from the Department of Intensive
Neurorehabilitation and Robotics at the Bambino Gesu Children’s Hospital in Rome
between September 2022 and May 2024. Inclusion criteria encompassed children aged 1
to 18 years with congenital or acquired amputation who used a prosthetic device,
accompanied by parents or caregivers fluent in Italian. Exclusion criteria comprised
children who had undergone hand surgery in the past three months or had visual
impairments or other associated medical conditions (orthopedic, neurological, or
cognitive disorders).
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2.3. Measurement Tool

The CAPP-PSl s a structured instrument comprising 14 items, specifically developed
to evaluate the level of satisfaction with prosthetic devices among pediatric amputees [22].
This tool encompasses questions designed to gauge perceived satisfaction concerning the
fit, functionality, aesthetics, and service of the child’s prosthetic device. It includes three
distinct scales for assessment: (1) satisfaction from the perspective of the child, as rated by
the parent; (2) parental satisfaction with the prosthetic device’s impact on the child’s daily
activities; and (3) parental satisfaction with the service related to the prosthesis [22].
Responses to each item are quantified on a scale ranging from 0 (not at all) to 4 (very
much). Each scale on the CAPP-PSI is scored by adding together the scores for each item
within the scales. Higher scores indicate greater satisfaction. The items for the CAPP-PSI
were generated through a review of the relevant literature in pediatric limb deficiency and
through the solicitation of assistance from clinicians with expertise in the area (physicians,
physical and occupational therapists, and psychologists) [22]. The final inventory was
reviewed for content validity and item clarity by expert clinicians, resulting in 14 face-
valid questions to assess prosthesis satisfaction.

2.4. Procedures and Data Analysis

In this study, data collection was conducted through a combination of methods. A
seasoned occupational therapist engaged with parents through direct interviews and via
a digital platform, supplemented by telephone and online methods for the purposes of
reliability assessment. Each participant was thoroughly briefed before the commencement
of the study and provided written informed consent. Participant details were collated
from clinical documentation, interviews with parents, and physical assessments.

For the evaluation of test-retest reliability, participants were instructed to complete
the CAPP-PSI a second time within a span of 7 to 15 days following their initial evaluation.
This subsequent assessment was carried out through an email-linked web-based platform.
Participant sociodemographic and clinical data were quantitatively summarized using
descriptive statistics such as frequencies, means, and standard deviations.

This study assessed the reliability of the instrument by examining both its internal
consistency and test-retest reliability. Internal consistency was quantified using
Cronbach’s alpha, where a threshold of 0.7 was deemed acceptable, as per standard
psychometric criteria [24]. Test-retest reliability was evaluated using intraclass correlation
coefficients (ICCs), adhering to established interpretative benchmarks [24,25].

Furthermore, the construct validity of the CAPP-PSI was analyzed through the
correlation of its subscales using the Pearson correlation coefficient. This coefficient (r)
measures the strength and direction of linear relationships between continuous variables,
with the scale ranging from -1 to 1 [26]. Interpretations of the Pearson coefficient were
categorized as follows: 0.40-0.59 indicated a moderate correlation, 0.60-0.79 suggested a
strong correlation, and 0.80-1.00 signified a very strong correlation [27]. All statistical
analyses were executed using IBM SPSS Statistics software, Version 20.0.

3. Results

A total of 113 children (61.1% male and 38.9% female) with a mean (SD) age of 7.80
(6.56) from across the country participated in the study. The majority of the participants
had a congenital deficiency (77%) and a metacarpal level of amputation (39.9%) followed
by trans-radial amputation (34.5%). Most of the sample used an aesthetic prosthetic device
(54.9%), and the mean (SD) age at the first prosthetic prescription was 7.61 (4.27%).
Sociodemographic and clinical characteristics are described in Table 1.
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Table 1. Sociodemographic and clinical characteristics of the sample (total: 113).
Age Mean (SD) 7.80 (6.56)
Gender Frequency %
Male 69 61.1
Female 44 38.9
Amputation Frequency %
Acquired 26 23,0
Congenital 87 77,0
Level of Amputation Frequency %
Metacarpus 45 39.9
Carpus 18 15.9
Trans-radial 30 34.5
Trans-humeral 11 9.7
Prosthetic Prescription Mean (SD) 7.61 (4.27)
Type of Prostheses Frequency %
Aesthetic 62 54.9
Functional (body- or myoelectric-powered) 51 45.1
Regional Distribution Frequency %
Northern Italy 44 38.94
Central Italy 43 38.05
Southern Italy and Islands 26 23.01

The administration of the CAPP-PSI revealed a mean (SD) total score of 28.04 (12.52).
The internal consistency study revealed a Cronbach’s coefficient alpha of 0.913 for the total

score, 0.858 for the child satisfaction with prosthesis domain, 0.856 for the parent

satisfaction with prosthesis domain and 0.920 for the parent satisfaction with service

domain. Item-total correlation yielded a Cronbach’s alpha ranging from 0.921 to 0.930 if

an item was deleted. Detailed information is reported in Table 2.

Table 2. [tem—total statistics for the 14 items of the CAPP-PSI.

Mean . . Corrected Squared Cronbach’s
Scale Mean if Scale Variance .
(SD) Item-Total Multiple  Alpha If Item
Item Deleted If Item Deleted . .
Score Correlation Correlation Deleted
Parent-rated child satisfaction with prosthesis
Does your child like the 1336
way the prosthesis aids in (1.16) 26,708 138,066 0.642 0.811 0.927
daily activities '
Does your child like the 1796 =, ¢, g 137,402 0.660 0.824 0.926
way the prosthesis fits (1.17)
Does your child like the 1407
way  the  prosthesis (1.15) 26,637 137,305 0.677 0.835 0.926
functions '
Does your child like the 1867
appearance of the (128) 26,177 139,129 0.533 0.694 0.930
prosthesis '
Parent satisfaction with prosthesis
Are you happy with the 1336
way the prosthesis aids in (1.16) 26,708 136,244 0.714 0.789 0.925
daily activities '
Are you happy with the = 1852 26,212 134,044 0.800 0.837 0.922

way the prosthesis fits (1.16)
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Are you happy with the 1520

7 way  the  prosthesis (115) 26,522 135,377 0.751 0.853 0.923
functions
Are you happy with the 2009

8  appearance of the (1.39) 26,035 136,427 0.569 0.759 0.930

prosthesis

Parent satisfaction with service

Were you satisfied on 2956

9 25,088 142,599 0.601 0.709 0.928
delivery of the prosthesis  (0.93) ' ’
A tisfied with 2204

10 OTe you sausted wi 25,841 130,439 0.779 0.848 0.922
follow-up care (1.38)

11 Are you satisfied with 2363 25,681 128,273 0.800 0.846 0.921
instruction provided (1.46)
A tisfied with the 2558

1p AAre yousatisfied with the 255 25,487 135,252 0.695 0.765 0.925
manufacture time (1.24)

13 Are you satisfied with the = 2743 25,301 140,802 0.558 0.620 0.929
repair time (1.12)
A isfied with the 211

14 ~reyousatis ied with the > 25,929 133,406 0.690 0.704 0.925
child’s training (1.36)

The test-retest reliability analysis demonstrated excellent ICC values for the total
score, at 0.966 (0.949-0.979), as well as for the three subscales, with ICCs of 0.934, 0.938,
and 0.968, respectively, while for construct validity, a moderate-to-strong correlation
(0.434-0.612) was found. The results for test-retest reliability and construct validity are
synthetized in Table 3 and Table 4, respectively.

Table 3. Test-retest reliability of the CAPP-PSL

CAPP-PSI Subscales ICC Lower Bound Upper
Bound
Child satisfaction with prosthesis (parent- 0.934 0.899 0.960
rated)
Parent satisfaction with prosthesis 0.938 0.906 0.963
Parent satisfaction with service 0.968 0.952 0.981
Total score 0.966 0.949 0.979
Table 4. Construct validity of the CAPP-PSL
CAPP-PSI Subscales T Sig  Lower Bound Upper
Bound
Child satisfaction-Parent satisfaction 0.724 <0.01 0.602 0.810
Child satisfaction-Satisfaction with service 0.434 <0.01 0.243 0.590
Parent satisfaction—Satisfaction with service 0.612 <0.01 0.457 0.727

4. Discussion

The present study aimed to validate the Italian version of the CAPP-PSI in a
population of children with congenital or acquired amputation of the upper limb. Our
findings revealed good psychometric properties in terms of internal consistency,
reliability, and construct validity.

The Italian translation of the CAPP-PSI followed international recommendations;
discrepancies and wording equivalence were investigated in the semantic domain,
involving the parents of children with upper limb amputation. From a qualitative point
of view, considering that the wording did not include specific medical terms, parents did
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not report difficulties in understanding, and they felt confident in answering questions.
The process we followed guarantees a good understanding of each item and resulted in
the final Italian version of the CAPP-PSI (please see Supplementary Materials).

Concerning psychometric properties, our findings showed very good internal
consistency (0.966) that exceeds the threshold of 0.70 [28] and is in line with the original
validation of the CAPP-PSI [22], which reported an alpha of 0.80 for child satisfaction with
prosthesis, an alpha of 0.87 for parent satisfaction with prosthesis, and an alpha of 0.90 for
parent satisfaction with service. Cronbach’s alpha serves as a lower-bound estimate of a
measure’s reliability and is widely regarded as a conservative indicator [26,29].
Consequently, the alpha coefficients obtained in this study suggest that the items within
each scale exhibit internal consistency and collectively measure a single construct. To
further evaluate the scales, item—total correlations were computed for each item against
the total score of the respective scale. This analysis aimed to assess the strength of the
relationship between individual items and the overall scale, ensuring that each item aligns
with the construct being measured [30]. Items demonstrating low correlations with the
total score would be considered for removal. However, in this study, the item-total
correlation was excellent, and, as a result, no items were excluded from the Italian version
of the CAPP-PSI based on this criterion. Test-retest reliability also revealed satisfactory
values with an ICC of 0.966 for the total score and a range of 0.934-0.968 for CAPP-PSI
subscales. This parameter is very important because it refers to the degree to which an
outcome measurement instrument consistently produces the same results when
administered to the same population under similar conditions at different points in time
[31]. It evaluates the stability and reproducibility of measurements across repeated
administrations, and our findings revealed that CAPP-PSI is a reliable measure when
administered in an interval of 7-15 days.

In terms of construct validity, we found a positive linear correlation with each
subscale of the CAPP-PSI; in particular, the child satisfaction—parent satisfaction and
parent satisfaction—satisfaction with service subscales exhibited a statistically significant
(p < 0.01) strong correlation with an r of 0.724 (0.602-0.810) and 0.612 (0.457-0.727),
respectively. Child satisfaction—satisfaction with service showed a moderate correlation
with an r of 0.434 (0.243-0.590) with a p < 0.01. The strong positive correlation between
child and parent satisfaction may reflect shared perceptions or experiences regarding the
prosthesis, such as its utility, functionality, or aesthetic appeal. It also suggests the
interconnected nature of satisfaction within the family context. The strong association
between parental satisfaction and satisfaction with service delivery highlights the role of
healthcare and service quality in shaping parental perceptions. Parents are likely to
attribute their satisfaction not only to the prosthesis itself but also to the quality of
interactions with service providers, the adequacy of training or support provided, and the
overall care process [32,33]. This finding underscores the importance of service quality as
a critical determinant of overall satisfaction in pediatric prosthetic care.

From a qualitative perspective, it can be stated that for both children (as rated by
their parents) and parents, the item that received the lowest satisfaction scores was item
#1: “Does your child like the way the prosthesis aids in daily activities?” or “Are you
happy with the way the prosthesis aids in daily activities?” This finding was unexpected,
as evidence exists regarding the positive impact of prosthesis use on performing daily
activities [7,34]. However, this result can be explained by the timing of the evaluation,
which was conducted just two weeks after prosthesis provision. A recent study found a
positive correlation between the number of activities children perform more effectively
with their prostheses and the duration of daily use [35,36]. Consequently, satisfaction
related to daily activities in our study may be underestimated due to the short assessment
timeframe. Furthermore, not all children participated in an intensive rehabilitation
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program after receiving their prosthesis, particularly those residing in other regions of
Italy.

An interesting finding relates to satisfaction with services, with the highest-scoring
items being item #9 (“Were you satisfied with the delivery of the prosthesis?”) with a mean
score of 2.96, and item #13 (“Are you satisfied with the repair time?”) with a mean score
of 2.74. These results are notable given the context of assistive technology provision in
Italy, which includes prosthetic services. In March 2017, the Essential Levels of Assistance
(LEA) were updated for the first time since 2001, along with the Tariff Nomenclature for
Assistive Technology and Prosthetics, which had remained unchanged since 1999 [37-39].
Despite these updates, their full implementation has been hindered by the lack of a
necessary tariff decree, effectively freezing the system in a framework over 20 years old.
Furthermore, recent legislation has shifted toward a tender-based system aimed at cost
efficiency. While it potentially reduces expenses, this approach risks compromising the
customization of devices, thereby affecting their alignment with individual user needs.
Additionally, inconsistencies in how the updated Nomenclature is interpreted and
applied across Regional Health Services have created disparities in the provision of aids
and prosthetics between regions. These regional variations risk creating inequities in
access to essential devices. The high satisfaction reported in our hospital may reflect an
unexpectedly efficient and personalized service delivery model, which contrasts with
broader systemic challenges, thus explaining the positive feedback from users.

Despite these encouraging results, there is a need to acknowledge some limitations.
First, there is the aforementioned timing of the satisfaction evaluation: an evaluation two
weeks post-prosthesis provision may have underestimated the level of satisfaction with
the prosthesis in daily activities. Previous research suggests that satisfaction increases
with prolonged use and as users adapt to the prosthesis [5,22]. A follow-up evaluation
after a longer period, ideally several months post-provision, would provide a more
accurate measure of satisfaction and functional integration. Second, while this study
assessed satisfaction and functional outcomes, it did not comprehensively evaluate
psychosocial factors, such as peer interactions, self-esteem, or coping strategies. These
aspects are crucial in understanding the broader impact of prosthetic use, particularly in
pediatric populations. Future studies should incorporate validated tools to capture these
dimensions. Third, the study did not extensively control for potential confounders, such
as the type and quality of rehabilitation programs, socioeconomic factors, or parental
education levels. These factors could significantly influence satisfaction outcomes and
should be accounted for in future analyses. Lastly, the cross-sectional nature of this study
limits the ability to assess how satisfaction, functionality, and psychosocial outcomes
evolve over time. Longitudinal studies are needed to track these outcomes and identify
factors that influence prosthetic acceptance or abandonment in the long term.

5. Conclusions

In conclusion, the CAPP-PSI was found to be a reliable and valid tool for measuring
satisfaction with prosthetic provision in children with upper limb amputation. This
assessment tool can evaluate both functional outcomes and satisfaction, guiding clinicians
in refining device selection, fitting, and support. Through the use of the CAPP-PSI,
practitioners can adopt a patient-centered approach, fostering adherence and improving
the well-being of children with upper limb deficiencies. Moreover, the findings
underscore the importance of comprehensive assessment tools in pediatric prosthetic care,
ensuring that interventions are both effective and attuned to the patients” and families’
needs. Future research should aim to expand upon these findings by exploring long-term
outcomes and the impact of psychosocial factors on prosthetic use, which could further
refine clinical practices and improve quality of life for these children. With the CAPP-PSI,
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clinicians have a robust instrument to measure and improve patient satisfaction and
outcomes in prosthetic care, contributing to better healthcare delivery and patient
experiences in pediatric rehabilitation.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/children12020130/s1. Italian version of the CAPP-PSI.
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