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Abstract: Congenital or acquired hand differences, including unilateral below-elbow deficiencies,
present complex challenges in pediatric rehabilitation. Surgical management and prosthetic provision
represent a big challenge to find a good balance for guaranteeing optimal hand function. There is
no specific assessment tool for measuring these aspects in the Italian context. The present study
investigates the psychometric properties of the ABILHAND-Kids in children with congenital uni-
lateral below-elbow deficiencies and acquired amputation of the upper limb. We measure internal
consistency using Cronbach coefficient alpha and the intraclass correlation coefficient (ICC) for mea-
suring test-retest reliability. Differences in hand function in both children with acquired or congenital
diseases were also investigated. Participants to the study were 107 (49 F and 58 M) children, with a
mean (SD) age of 8.88 (4.25). For test retest reliability, conducted on a sub-sample of 58 children, the
ICC was 0.92, while for internal consistency, the Cronbach coefficient alpha was 0.90. We did not find
statistically significant differences in scoring (p = 0.33) in the use (mean 29.25 SD 6.58) or non-use of a
prosthetic device (mean 30.74 SD 7.43), while statistically significant differences were found in hand
function (p < 0.01) for children who had a congenital impairment (mean 31.87 SD 6.49) and children
who had an acquired amputation (mean 27.77 SD 6.60). In conclusion, the ABILHAND-Kids showed
good internal consistency and reliability and can capture differences in hand function in children
with both congenital and acquired hand disorders.

Keywords: amputation; wunilateral below-elbow deficiencies; children; hand function;

prosthetics; validation

1. Introduction

Congenital hand differences, including unilateral below-elbow deficiencies, present
complex challenges in pediatric orthopedics and rehabilitation, affecting approximately
0.2% of all live births [1,2]. Despite advances in medical technology and surgical techniques,
there remains a critical need for comprehensive assessment tools and interventions tailored
to the unique needs of this population.

The decision-making process regarding amputation versus reconstruction (e.g., hand
transplantation, Krukenberg surgery) in children with unilateral below-elbow deficiencies
requires careful consideration of various factors, including functional outcomes, cosmetic
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concerns, psychosocial implications, and long-term quality of life [3,4]. Functional outcomes
assessment plays a crucial role in guiding treatment decisions and optimizing rehabilitation
strategies [5]. Rehabilitation strategies play a pivotal role in prosthesis acceptance and
use; a recent study highlights how a specific home-based rehabilitation protocol can have
a positive effect on both cortical reorganization and gross manual dexterity in children
with upper-limb reduction deficit [6]. Traditional measures of function, such as strength,
range of motion, and sensory perception, provide valuable insights but may not fully
capture the complex interplay between impairments and functional limitations in daily
life activities [7,8]. Despite progress in children with upper limb deficiencies management,
there is a lack of specific outcome measure instruments for this target population [9],
while according to the International Classification of Functioning, Disability, and Health
(ICF) framework [10], activity limitation and restricted participation should be carefully
investigated to guarantee good overall functioning and satisfactory quality of life. The ICF
offers a comprehensive model for understanding disability and guiding assessment and
intervention strategies in pediatric rehabilitation [11]. However, significant gaps remain
in our understanding of the long-term outcomes and optimal management strategies for
children with unilateral below-elbow malformation [12]. Children are treated differently
in various parts of the world based on different funding, family support, and therapy
resources; prosthetic treatment is common for children, although ages for fitting vary
among clinics and countries and there are no specific guidelines for assessment, prosthesis
prescription, and rehabilitation [13].

The recent literature highlights the importance of patient-centered outcome measures
that encompass physical function and psychosocial well-being [14]. Studies have empha-
sized the need for holistic approaches to assessment and intervention, considering the
impact of limb differences on various aspects of children’s lives [15,16]. Furthermore,
advancements in prosthetic technology and surgical techniques have expanded treatment
options for children with unilateral below-elbow malformation [17,18]. However, chal-
lenges persist in achieving optimal functional outcomes and addressing the psychosocial
impact of limb differences [19,20].

Functional tests evaluate a child’s “capacity” (what they can do in a controlled environ-
ment), while questionnaires assess “performance” (what they actually do in daily life); thus,
both dimensions should be measured. Several functional tools exist to assess arm/hand
function, but most are not specifically tailored for children with acquired amputations or
unilateral below-elbow malformations. A systematic review by Buffart et al. [21] identified
only two functional tests (Assisting Hand Assessment [22] and the Unilateral Below Elbow
Test [23]) and two questionnaires (ABILHAND-Kids [24] and the Prosthetic Upper Ex-
tremity Functional Index (PUEFI) [25,26] as appropriate for evaluating arm/hand function
in children with congenital upper limb deficiencies. Among these, ABILHAND-Kids is
suitable for children with both unilateral and bilateral impairments. Given that many
daily activities require the coordinated use of both hands, assessing bimanual performance
provides a more accurate measure of functional limitations in children with unilateral and
bilateral congenital hand deformities [27].

ABILHAND-Kids is a Rasch-developed measure of manual ability, defined as the
capability to perform daily activities requiring the use of the upper extremities [24]. It
consists of 21 items related to bimanual activities, rated by parents based on the difficulty
encountered by the child when performing each activity. ABILHAND-Kids was initially
developed for children with cerebral palsy (CP) and has been found to be a reliable,
valid, and responsive measure for assessing manual ability in children with upper limb
impairments [28,29]. The ABILHAND-Kids questionnaire has been utilized as an outcome
measure in numerous interventional studies [30-33] and in various clinical conditions,
such as dystonia and choreoathetosis [34], radial deficiency [35], obstetric brachial plexus
injury [36], pediatric ischemic stroke [37], and neuromuscular disease [38].

ABILHAND-Kids was originally developed in French and has been successfully
translated and validated into several other languages, including Arabic [39], Persian [40],
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Turkish [38], Brazilian [41], Danish [42], and Ukrainian [43]. Recently, the Italian version of
ABILHAND-Kids was translated and demonstrated excellent psychometric properties in
a population of children with CP [44]. Having assessment tools specifically applicable to
the study population and validated in the language of use is crucial. Therefore, the aim of
this study is to validate the Italian version of the ABILHAND-Kids questionnaire for use
in clinical practice with a population of children with acquired amputation and unilateral
below-elbow deficiencies.

2. Materials and Methods

The original version of the ABILHAND-Kids in English underwent translation and
cultural adaptation into Italian in a previous study, where it was validated on children with
cerebral palsy [44]. In this study, the ABILHAND-Kids-IT underwent testing for validity
and reliability within a population of children with acquired amputation or unilateral
below-elbow deficiencies. The study was conducted in the Bambino Gesu Childrens’
Hospital IRCCS in Rome, Italy.

2.1. Participants

Consistent with consensus-based standards for selecting health measurement instru-
ments, a sample size of 100 patients was deemed appropriate for assessing validity [45].
Similarly, a sample size of at least 50 participants was recommended for conducting a
test-retest reliability study [46]. Participants were recruited from the Department of Inten-
sive Neurorehabilitation and Robotics at the Bambino Gesu Children’s Hospital in Rome
between April 2022 and May 2023. Inclusion criteria encompassed children aged 6 to
15 years with unilateral below-elbow deficiencies or acquired amputations, accompanied
by parents or caregivers fluent in Italian. Exclusion criteria comprised children who had
undergone hand surgery in the past three months, bilateral upper limb impairments, or
had other associated medical conditions (orthopedic, neurological, or cognitive diseases).

2.2. Measurement Tool

The ABILHAND-Kids is a parent-reported outcome measure designed to evaluate
the capability of children to perform daily activities using any available strategies [26].
Constructed through the Rasch measurement model, it includes 21 items or manual tasks,
each assessed on an ordinal three-point scale: impossible (0 points), difficult (1 point), or
easy (2 points). Items not attempted in the past three months are marked with a question
mark, unless the activity is deemed impossible for the child, in which case it is scored as
impossible. A cumulative score (ranging from 0 to 42 points) is derived by adding the
scores for each item. Scores with over 50% missing items are excluded. Lower scores reflect
reduced manual ability. The scale confirms unidimensionality [26]. The Italian version
of the ABILHAND-Kids [40], utilized in this study, is accessible on the official website
http:/ /rssandbox.iescagilly.be /abilhand-kids-downloads.html (accessed on 5 March 2024).

2.3. Procedures and Data Analysis

An experienced occupational therapist conducted in-person interviews with parents,
supplemented by phone interviews for reliability testing in some cases. Prior to test
administration, each parent received a briefing and signed written consent. Descriptive
participant data were gathered from clinical records, parental interviews, and medical
examinations. Parents were provided with instructional materials to ensure accurate
scoring of the ABILHAND-Kids. To assess test-retest reliability, parents were asked to
complete the ABILHAND-Kids-IT a second time, 7 to 15 days after the initial evaluation,
using an email and web-based data collection approach.

Sociodemographic characteristics and clinical data were summarized using frequency
tables, means, and standard deviation (SD). The reliability of the scale was assessed in terms
of internal consistency and test-retest reliability. Internal consistency was measured using
Cronbach’s alpha, with values above 0.7 considered acceptable [47]. Intraclass correlation
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coefficients (ICCs) were calculated to estimate test-retest reliability, with interpretation
based on predefined criteria [48]. Additionally, the relationship between ABILHAND-
Kids mean scores and the use/non-use of prosthetic device and congenital or acquired
impairment were explored using t-test [49]. Significance was set at p < 0.05 95% CI. All
statistical analyses were conducted using the IBM Statistical Package for the Social Sciences
(SPSS, Version 20.0).

3. Results

A total of 107 (49 F and 58 M) participants participated in the study. Their mean (SD)
age was 8.88 (4.25) and the majority of the children (n = 58) did not use a prosthetic device.
For reliability analysis, only 62 parents agreed to be retested. Sample characteristics for
both the total sample and the test-retest reliability sub-sample are summarized in Table 1.

Table 1. Socio-demographic and clinical characteristics of the sample (total 20).

Total Test-Retest
Gender N (%) N (%)
Female 49 (45.8) 27 (43.6)
Male 58 (54.2) 35 (56.4)
Level of Education N (%) N (%)
Kindergarten 23 (21.5) 11 (17.7)
Primary school 50 (46.7) 44 (70.9)
Secondary school 12 (11.2) 5(8.1)
High School 22 (20.6) 2(3.2)
Age Mean (SD) Mean (SD)
Used prosthetic device 8.08 (3.89) 9.12 (3.59)
Do not use prosthetic device 8.94 (4.57) 10.02 (2.36)
Total 8.88 (4.25) 9.73 (3.64)
Prosthetic Device N (%) N (%)
Yes 58 (54.21) 32 (51,2)
No 49 (45.79) 30 (48.4)
Level of Amputation/Deficiency N (%) N (%)
Fingers 11 (10.3) 4 (6.5)
Hand 34 (31.8) 17 (27.4)
Wrist 12 (12.1) 5(8.1)
Trans-radial 49 (45.8) 36 (58.1)
Type of Amputation/Deficiency N (%) N (%)
Acquired 46 (42.9) 25 (40.2)
Congenital 61 (57.1) 37 (59.8)

The ABILHAND-kids was administered to the whole sample, obtaining a mean (SD)
total score of 30.80 (6.97), while the Cronbach coefficient alpha for the whole scale was
0.90. In Table 2 are the synthetized means (SD) score for each item and the values for the
item-total statistics.

Concerning test-retest reliability, our analysis found an excellent value of ICC 0.92
(lower bound 0.87—upper bound 0.96). We also analyzed differences in the ABILHAND-
Kids score according to acquired or congenital impairments and the use or non-use of a
prosthetic device; we did not find statistically significant differences in scoring (p = 0.33)
in the use (mean 29.25 SD 6.58) or non-use of a prosthetic device (mean 30.74 SD 7.43),
while statistically significant differences were find in hand function (p < 0.01) for children
who had a congenital impairment (mean 31.87 SD 6.49) and children who had an acquired
amputation (mean 27.77 SD 6.60). The results for children who had acquired or congenital
impairment are graphically presented in Figure 1.
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Table 2. Mean and SD score and Cronbach’s coefficient alpha for each item of the ABILHAND-KIDS.

. Corrected Cronbach’s
Item Description Mean (SD) Scale Mean If Scale Variance If Item-Total Alpha If Item
Item Deleted Item Deleted .
Correlation Deleted
1 Opening a jar of jam 1.39 (0.56) 29.41 45.578 0.354 0.902
2 Putting on a backpack/schoolbag 1.88 (0.43) 28.92 45.647 0.477 0.899
3 Opening the cap of a 1.79 (0.41) 29.01 46.893 0.276 0.903
toothpaste tube
4 Unwrapping a chocolate bar 1.26 (0.61) 29.54 42.678 0.687 0.894
5 Washing the upper-body 1.72 (0.53) 29.08 44.607 0.524 0.898
6 Rolling-up a sleeve of a sweater 1.03 (0.61) 29.78 42.123 0.772 0.891
7 Sharpening a pencil 1.62 (0.56) 29.18 44.792 0.463 0.900
8 Taking off a T-shirt 1.80 (0.40) 29.00 45.733 0.502 0.899
9 Squeezing toothpaste onto 1.51(0.64) 29.29 43142 0.599 0.896
a toothbrush
10 Opening a bread box 1.30 (0.56) 29.50 43.987 0.573 0.897
11 Unscrewing a bottle cap 1.61 (0.56) 29.20 47.014 0.164 0.907
12 Zipping-up trousers 1.18 (0.76) 29.62 40.586 0.768 0.890
13 Buttoning up a shirt/sweater 1.04 (0.72) 29.76 41.676 0.690 0.893
14 Filling a glass with water 1.88 (0.32) 28.92 46.527 0.446 0.900
15 Switching on a bedside lamp 1.92 (0.26) 28.88 47.359 0.316 0.902
16 Putting on a hat 1.92 (0.27) 28.88 48.612 —0.019 0.906
17 Fastening the snap of a jacket 1.18 (0.81) 29.62 40.426 0.729 0.892
18 Buttoning up trousers 0.88 (0.58) 29.92 42,927 0.693 0.894
19 Opening a bag of chips 1.24 (0.60) 29.57 43.129 0.640 0.895
20 Zipping-up a jacket 0.87 (0.82) 29.93 39.769 0.788 0.890
21 Taking a coin out of a pocket 1.76 (0.42) 29.04 47.292 0.193 0.905
a0
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Figure 1. Mean difference (p < 0.01) in ABILHAND-kids total score according to acquired or congeni-
tal impairment.
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4. Discussion

The present study sought to validate the ABILHAND-Kids in a population of chil-
dren with congenital amputations or unilateral below-elbow deficiencies and found good
psychometric properties in terms of internal consistency and reliability.

Our analyses revealed very good internal consistency, with a Cronbach’s alpha coef-
ficient (0.90), consistent with the Italian validation study on children with CP (0.98) [44],
as well as other validation studies, such as those conducted in Turkey (0.94) [38], Brazil
(0.99) [41], Iran (0.96) [40], and Ukraine (0.95) [43]. This finding confirms the homogeneity
of the scale and the relatedness of its items. Regarding test-retest reliability, our findings
confirm the good stability of the scale with an ICC of 0.92, consistent with the Italian
version (0.99) and also with studies conducted in Saudi Arabia (0.98) [39], Iran (0.96) [40],
Brazil (0.97) [41], Turkey (0.98) [38], Denmark (0.97) [42], and Belgium (0.91) [24]. Therefore,
ABILHAND-Kids can be considered a reliable tool when used to measure hand function in
children with acquired amputations or unilateral below-elbow deficiencies after 7-15 days
from the initial administration.

However, it is important to highlight that out of the entire sample (n = 107), only
62 parents opted to participate in the retest analysis, resulting in a significant loss of
data for children. This could possibly be attributed to the approach used for test-retest
administration. Instead of conducting phone or in-person interviews, we chose to send an
email with the ABILHAND-Kids to parents who agreed to participate. While we believed
that a web-based approach for data collection might be more convenient for parents, it
ultimately resulted in a low response rate, as reported by Koh and colleagues in a different
setting with various age groups and health conditions [50]. Nevertheless, according to the
COSMIN guidelines, our sample size for test-retest analysis was considered sufficient, and
therefore, the results can be deemed appropriate.

Interesting findings emerged from the analysis of items and total scores of the
ABILHAND-Kids. Firstly, we found that for children with congenital amputation or
unilateral below-elbow deficiencies, the most challenging items were Q18 (Buttoning up
trousers) with a mean SD score of 0.88 (0.58), Q20 (Zipping up a jacket) with a mean SD
score of 0.87 (0.82), Q6 (Rolling up a sleeve of a sweater) with a mean SD score of 1.03 (0.61),
and Q13 (Buttoning up a shirt/sweater) with a mean SD score of 1.04 (0.72). Dressing is
a fundamental aspect of daily life that can pose significant challenges for children with
amputations. The loss of a limb or deficiencies of the upper limb can impact their ability to
independently dress and undress. For example, children with upper limb amputations may
struggle to manipulate small fasteners or reach behind their backs to secure clothing items.
They may need to develop alternative methods, such as using one-handed techniques or
adaptive tools like button hooks, zipper pulls, or Velcro closures. Additionally, selecting
clothing with features like larger buttons, elastic waistbands, or magnetic closures can
facilitate independent dressing [51,52]. Beyond the physical aspects, dressing tasks can also
affect a child’s confidence, self-esteem, and sense of autonomy; frustration or difficulty in
completing these tasks independently may lead to feelings of dependence or inadequacy.
Therefore, it is essential to provide encouragement, support, and opportunities for skill
development to empower children with amputations to overcome these challenges and
achieve greater autonomy in dressing and other activities of daily living [53].

Items that obtained higher scores include Q16 (Putting on a hat) (mean 1.92, SD 0.27),
Q8 (Putting on a backpack) (mean 1.88, SD 0.43), Q15 (Switching on a bedside lamp) (mean
1.92, SD 0.26), and Q8 (Taking off a t-shirt) (mean 1.80, SD 0.40). This was expected as all
these actions can be easily managed with one hand or alternative strategies. Surprisingly,
high scores were also observed for Q7 (Sharpening a pencil) and Q11 (Unscrewing a
bottle cap), with mean SD scores of 1.62 (0.56) and 1.61 (0.57), respectively. Despite these
actions requiring good coordination of both upper limbs, individuals with amputations or
unilateral below-elbow deficiencies can employ several strategies to complete the tasks,
such as forearm stabilization or grasping with the elbow or trunk [54-56]. The ABILHAND-
Kids requires parents to rate hand function and performance in daily life, irrespective of
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the strategies used by their children. To better understand this issue, the use of different
assessment tools is suggested, such as the Unilateral Below Elbow Test [23], which can
provide informative data on both task completion and methods used.

Concerning qualitative analysis of differences in acquired or congenital deficiencies,
boxplots highlighting the median values for children with acquired deficiencies showed
a left-skewed distribution; 50% of children received a score between 38 and 38, while for
children with congenital deficiencies, a right-skewed distribution was observed (50% of
children obtained a score between 20 and 34). In children with congenital deficiencies,
high variability in IQR was also observed. This can be explained by the different adaptive
strategies that children put in place over time. In fact, statistically significant differences in
ABILHAND-Kids scores (p < 0.01) were found between children with congenital impair-
ments (mean 31.87, SD 6.49) and children with acquired amputations (mean 27.77, SD 6.60).
This can be explained by the fact that hand use shapes brain organization [57], and children
with congenital deficiencies may develop better compensatory strategies than those with
acquired amputations, who require time to reorganize motor schemes for hand function,
including the use of a prosthetic device. Neurophysiological embodiment of artificial limbs
depends on prosthesis usage in everyday life, and prosthesis usage also shapes large-scale
brain reorganization [58]. Timing of using a prosthetic device may also influence acceptance;
studies show that children who began wearing their prosthesis before the age of 2 or within
6 months after amputation were less likely to reject their prosthesis [59], and, therefore, it
seems crucial to investigate manual motor functions according to the timing of amputation
in acquired cases and the timing of initial prosthetic use in congenital differences.

5. Limitations

Despite these encouraging and informative results, the present study has several limi-
tations. Firstly, differences were found between children with acquired amputations and
congenital deficiencies, but to better understand the mechanisms influencing hand function,
additional information is needed, such as the timing of injuries and initial prosthetic fitting.
It is worth noting that early upper-limb prosthetic use, frequency of use, and everyday
context can impact brain reorganization and hand function [60]. Further studies should
consider this aspect, analyzing time of utilization of prosthetic device and the overall
type of prosthetic device used (e.g., aesthetic, mechanic, myoelectric prostheses), and by
recruiting a larger sample, a multivariate logistic regression analysis can be performed to
determine which variables better inform outcomes. A second limitation may be the lack
of differentiation in the type of prosthetic device used, whereas having information on
aesthetic, functional, or myoelectric devices might explain why differences in scoring were
not found in the use or non-use of a prosthetic device (p = 0.33). Other limitations concern
the psychometric properties, such as the lack of use of Rasch model analysis, as performed
in other validation studies. Furthermore, the concurrent validity of the ABILHAND-Kids
was not analyzed; although this represents an important psychometric measure when
validating a tool, to the best of our knowledge, there is no similar assessment tool already
validated for the Italian context. We, therefore, recommend that in the future, ABILHAND-
Kids scores could be compared with another outcome measure to assess their level of
correlation, as well as measuring other psychometric measures, such as responsiveness
and minimum important difference, that can inform clinicians and researchers on how
ABILHAND-Kids measurements change over time in this target population.

6. Conclusions

In conclusion, the ABILHAND-Kids was found to be a reliable tool for measuring hand
function in children with acquired amputations and unilateral below-elbow deficiencies
aged between 5 and 18 years
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