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ABSTRACT

ARTICLE HISTORY

Purpose: To determine which items regarding prosthesis use were considered most important by adults
with major unilateral upper limb absence (ULA) and to develop a patient-reported outcome measure to
assess the preferred usage features of upper limb prostheses: PUF-ULP.
Materials and methods: Based on a qualitative meta-synthesis combined with input from patients and
clinicians a graphical diagram of 79 items related to prosthesis use was developed. Adults with ULA
(N ¼ 358; mean age ¼ 55.4 ± 16.5 years; 52.0% male/40.8% female/7.3% unknown) selected their top-10 of
most important items from this diagram. This study is registered in the Netherlands Trial
Register: NL7682.
Results: Most selected items were “wearing comfort” (54.0% of cases), “grabbing, picking up, and
holding” (34.3%), and “weight” (31.4%). All subpopulations (i.e. age, sex, origin of ULA, level of ULA, and
prosthesis type), except multi-grip myoelectric hand prosthesis users (MHP), selected “wearing comfort”
most. Nine items were included in the PUF-ULP: “wearing comfort,” “functionality,” “independence,”
“work, hobby, and household,” “user-friendly,” “life-like appearance,” “phantom limb pain,” “overuse
complaints,” and “reliability.”
Conclusions: All prosthesis users, except MHP-users, considered wearing comfort most important, which
might be of interest for future research and industry. The PUF-ULP can be used to reflect the match
between users and their prostheses.
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ä IMPLICATIONS FOR REHABILITATION

 All persons with upper limb absence, except multi-grip myoelectric hand prosthesis users, considered
“wearing comfort” most important regarding prosthesis use, which highlights that prosthesis wearing
comfort deserves more attention in future research to increase the value placed by the user on their
upper limb prosthesis.
 Regarding prosthesis use, men considered “ease of control” more important compared to the overall
population, while women considered “independence,” “household,” “life-like appearance,” “overuse
complaints,” and “anonymity” more important.
 Persons with a mono- or multi-grip myoelectric upper limb prosthesis rated function-related items as
more important compared to the overall population, while persons with a passive/cosmetic prosthesis rated comfort-related and appearance-related items as more important.
 The newly developed measurement tool, also called the PUF-ULP, provides a single score that represents the match between the user and their upper limb prosthesis.

Introduction
Innovative upper limb prostheses (ULP), like the multi-grip myoelectric hand prosthesis (MHP) with moveable thumb or fingers
(e.g., iLimb, Bebionic, or Michelangelo prosthetic hand), are
often idealized by the media. The MHPs have advantages, but
they are also experienced as less robust, less durable, difficult

to control, noisier, relatively large and a cause of stump complaints compared to other prostheses [1]. These disadvantages
may affect the value placed by the user on their prosthesis. To
consider a prosthesis to be of value for a user, we hypothesize
that a match between aspects considered important by an individual and features that the prosthesis can offer is required.
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Considering the high rejection rates of ULP reported in the literature, it is important to improve the match between the
prosthesis and the user [2–6]. A first step to improve this
match would be to gain more insights into items related to
prosthesis use, which are considered most important by prosthesis users themselves. This information could be used to
develop a measurement tool to assess the preferred usage features of ULP users. A second step would be to use this measurement tool to investigate to what extent the features of
terminal devices and sockets match the aspects considered
most important by the prosthesis users.
A patient-reported outcome measure (PROM) intends to
measure any aspect of the health status of a patient directly
from the perspective of the patient without any interpretation
from anyone else than the patient [7,8]. Multiple studies suggest that capturing the patient’s perspective through PROMs
may improve quality of care, patient satisfaction, and communication between patients and health care professionals [9–11].
Nevertheless, only a few PROMs have been developed that
evaluate ULP use. The Orthotics and Prosthetics Users’ Survey
(OPUS) and the Trinity Amputation and Prosthesis Experience
Scales (TAPES) are examples of PROMs that evaluate prosthesis
use [12,13]. However, these PROMs were developed with
respectively a broader focus (i.e. on orthotics and prosthetics
from both the upper and lower limb) or a focus on lower limb
amputees [12,13]. Subsequently, adapted versions of the TAPES
and OPUS have been developed for people with upper limb
amputations [14,15]. Yet an instrument that specifically measures the match between prostheses and the preferred usage
features of ULP users, in which the contents are primarily
based on what is deemed important by the ULP users themselves, seems to be lacking. Especially, since patient-centered
healthcare is becoming increasingly important in clinical practice, it is of utmost importance to embed patient values and
preferences into such an instrument [16].
The aim of the first part of this study was to determine
which items regarding prosthesis use were considered most
important by people with major unilateral upper limb absence
(ULA). This information will be used in the second part of this
study to select a set of items that comprise the preferred
usage features of ULP users. The aim of the second part was
to develop a PROM to assess the preferred usage features of
ULPs: the PUF-ULP.

Materials and methods
This study consists of two parts. In the first part, items that were
considered most important regarding prosthesis use were identified following a three-step procedure: (1) a list of all items that
could be important regarding prosthesis use was created, (2) the
list of selected items was integrated into a survey, in which participants were asked to select and rank their 10 most important
items, (3) the reported data was processed and analyzed. In the
second part, the PUF-ULP was developed using the collected
information from part 1 of the study. This study was carried out
in compliance with the Declaration of Helsinki. The local Medical
Ethics Review Board of the University Medical Center Groningen
(UMCG) judged that formal approval of the study was not needed
(METc 2018/582). Participants were asked to sign an informed
consent form before filling in the survey.

Part 1: Important items regarding prosthesis use
Selection of items that could be important regarding prosthesis use
To create a list of all items that could be important to people
using a prosthesis, we started with all items that were derived
from our results of a meta-synthesis of qualitative literature from
the users’ perspective and a focus group with patients [1]. In total,
86 candidate items were extracted that were subsequently divided into six main themes: “physical,” “activities and participation,”
“mental,” “social,” “rehabilitation, costs, and prosthetist services,”
and “prosthesis related factors” [1]. However, not all candidate
items seemed suitable to fulfill the aims of the current study.
First, our previous study focused on items related to prosthesis
choice. In the current study, we aimed to develop a PROM to
assess the preferred usage features of ULPs, where we chose to
focus on prosthesis use and not on prosthesis choice. Second,
while our previous study revealed that “gender” and “origin of
limb loss” were influencing items for prosthesis choice, such items
are fixed personal characteristics [1]. Therefore, such items were
considered unsuitable for a preference-based PROM (see part 2:
development of PUF-ULP). In consensus meetings with the
research team, all candidate items were discussed for suitability
and checked on clarity and completeness. Furthermore, items
were added if the research team agreed on them (Table 1).
As a final check, 16 national health care professionals (i.e.
hand/occupational therapists, prosthetists, and rehabilitation doctors) were invited to check all items on clarity and completeness.
Three-hand/occupational therapists and one prosthetist provided
feedback, which resulted in the addition of two items (Table 1).
Last, to improve the structure and clarity, main themes were
adapted if the research team deemed this to be appropriate
(Table 1). The final set of items and themes that could be important regarding prosthesis use consisted of seven themes that contained 79 items.
To create a clear and attractive overview, all included items
were depicted in a semi-automatically generated software-based
graphical diagram: HealthFan (Figure 1) [17–19].
Survey development
The created HealthFan was integrated into a digital survey
(HealthFan; version 1.0; www.chateau-sante.info). Pilot tests with
members of the research team, fellow researchers, acquaintances,
and patients without ULA were carried out. Subsequently, the layout of the survey was adapted to improve the clearness and feasibility. In the HealthFan survey, participants were asked to (1)
select the 10 most important items regarding prosthesis use from
the HealthFan diagram; (2) rank those 10 items from most important to least important; (3) indicate whether they missed certain
items in the HealthFan diagram. For some items, explanations
appeared when hovering on them. Participants received a link to
the HealthFan survey with a single-usable login code on paper.
Due to privacy reasons, questions regarding personal data
were administered separately in a paper survey. This included the
informed consent form, patient demographics (i.e. age, sex, educational degree, job, side of ULA, the origin of ULA, time since
ULA, level of ULA, and type of prosthesis used most, years of
experience with prosthesis use) and a question about the satisfaction with their current prosthesis.
Data collection
Between September and December 2019, we approached adults
(age 18 years) with an acquired amputation or congenital ULA
at or proximal of the wrist from two large orthopedic workshops,
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Table 1. Themes that were adapted and items that were added (N ¼ 6) and deleted (N ¼ 13) from the initial candidate set of 86 items [1], creating a final set of
seven themes that contained 79 items.
Item(s)





Expectations
Curiosity
Trial period
Availability of new developments

Action

Explanation

Deleted

Items concerning prosthesis choice instead of prosthesis use.

 Motivation
 Attitude
 Coping

Deleted

These personal traits are fixed personal data and hard to classify by participants themselves.

 Accessories

Deleted

Research team agreed that “accessories” from a prosthesis is not suitable as item to evaluate prosthesis use.






Deleted

These demographic items are fixed personal data.

 Grip force

Deleted

Deleted by mistake.

 Putting clothes on
 Feeling comfortable
 Social interaction

Added

Research team agreed that these were independent items, not directly related to “appearance in
combination with clothing,” “wearing comfort” and “social role.”

Sex
Origin of limb loss
Level of limb loss
Time since limb loss

 Religion

Added

Research team agreed that the prosthesis may have an important role in some religious traditions.

 Pulling/pushing
 Supporting body

Added

Suggestions from health care professionals that checked the overview on completeness.

Theme

Action

Prosthesis related factors

Split

Rehabilitation, costs, and
prosthetist services

Abbreviated

Explanation
To structure the list of items, the theme “prosthesis related factors” was split into the themes “prosthesis
control” and “prosthesis general.”
To improve clarity, the theme “rehabilitation, costs and prosthetist services” was abbreviated to
“rehabilitation.”

Figure 1. Seventy-nine items may be important when using a prosthesis depicted in a HealthFan diagram. The white-filled circles represent the items; the black-filled
circles represent the seven themes and all subthemes. Themes and subthemes are presented in bold font, themes are marked with numbers 1–7. Each leaf of the diagram represents a theme and was depicted in another color.

4

N. KERVER ET AL.

Figure 2. Flowchart of survey distribution (purple), response (yellow), and inclusion process (green). ULA: upper limb absence.

with several branches all over the country, and nine out of the 10
rehabilitation centers that prescribe ULPs in the Netherlands. Nonprosthesis users were also included because not using a prosthesis is often a conscious consideration as well. Reminders were
sent in case no response was received within 2–4 weeks. The
reminder included an option to complete the HealthFan survey
on paper (e.g., for people with no internet or lack of computer
skills). A total of 63 participants, who did only fill out their personal data (partially) but not the assignments of the HealthFan
survey, were sent a request to complete the HealthFan survey,
and if applicable, complete other missing personal data. This was
only applicable to those participants who filled in their address
on the returned survey. The first 18 participants with missing
answers in their personal data, but without missing data in the
HealthFan survey, were also sent a request to answer these
unanswered questions. However, since this was very time-consuming and yielded too little result, we decided to discontinue
the latter reminder. Participants received an incentive of e10.after returning the completed survey.
Data analysis
Data were managed using REDCap data capture tools [20,21].
Data from the HealthFan survey were saved on the HealthFan server and subsequently exported to RedCap. Personal data and
data from the HealthFan surveys filled out on paper were entered
manually into RedCap. Before statistical analysis was carried out
the returned surveys were checked for duplicates. This was only
possible if participants had provided personal details. Duplicates
were expected since participants were approached by both
rehabilitation centers and orthopedic workshops. Despite the
warning on the title page of the survey, which warned participants that they may receive the survey from multiple paths and
should only complete the survey once, a total of 12 duplicates
were identified. In these cases, the most complete survey was
used for analysis (Figure 2). If both surveys were equally

complete, the first entered survey in the database was used for
analysis. Since 23 of the participants checked multiple boxes
when they were asked which prosthesis they used most, the variable “prosthesis used most” was regrouped into the categories
mono-grip myoelectric, multi-grip myoelectric, body-powered,
passive, and no prosthesis. In this way, more data could be used
for analyses. Additionally, the variables “highest educational
degree” and “level of limb absence” were regrouped to enlarge
subgroups. The six participants with bilateral ULA were excluded
from analyses since this sample was too small for separate subgroup analysis (Figure 2).
Statistical analysis
Frequency distributions were generated for all items depicted in
the HealthFan. Subgroup analyses were generated for age, sex,
the origin of ULA, level of ULA, and type of prosthesis used most.
A difference in frequency of at least 5% between subpopulation
and overall population was defined as relevant. Furthermore, an
explorative multivariate analysis (partial least squares regression:
PLS) was performed. PLS is a dimension reduction technique that
is a combination of principal component analysis and multiple linear regression [22]. One block of variables is linked with another
block of variables. In our case, the background characteristics of
the users (predictor variables) were mapped to the set of top-10
prosthesis use items. PLS tries to maximally explain the relative
contribution of the background characteristics for each top-10
item [22,23]. As the estimation of the PLS contribution weights is
relative, interpretations should be taken cautiously. Therefore, we
only interpreted predictors with variable importance in the projection (VIP) higher than 1.5% [23]. Data were analyzed using IBM
SPSS Statistics for Windows, version 23 (IBM Corp, Armonk, NY).
Graphs were created using R (tidyverse package) [24,25] and
CorelDRAWV Graphics
Suite
2020
(Corel
Corporation,
Ottawa, Canada).
R
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Part 2: Development of PUF-ULP
After finishing part 1 of the study, the construct development of
the PUF-ULP started. The PUF-ULP is intended to be used as a
short and practical measurement tool in clinical practice or
research for people with unilateral ULA at or proximal from the
wrist. The outcome of the PUF-ULP was the extent to which a
prosthesis meets the preferred usage features of a ULP user. Thus
the preferred usage features of ULP are dependent on what is
deemed important by an individual. Therefore, the results of part
1 of the study, in which participants indicated which items
regarding prosthesis use were important for them, were used to
select the preferred usage features of ULPs to include in the PUFULP. We aimed to develop a preference-based measurement tool
to be able to calculate a score that represents the extent to which
a prosthesis meets the preferred usage features of ULPs [26]. In
preference-based measurement tools, participants typically compare one or more situations with each other and indicate which
situation they prefer [26]. Another feature of a preference-based
instrument is that all included items have to be assessed simultaneously [26]. As people can only process limited information at
one time, the maximum amount of items to be included in the
PUF-ULP was set at nine [27,28]. To decide which items should be
included in the PUF-ULP two consensus meetings were held with
one rehabilitation doctor/professor in hand prosthetics (CS), one
hand therapist (PW), one PROM expert (PK), one implementation
expert (SvT), one assistant professor from human movement sciences (RB), one research assistant (CB), and two Ph.D. students
(XZ and NK). Patients were not invited to these meetings, because
we believe that a proper understanding of all analyses of the survey results and a broad and objective view of the needs of the
total group of patients were needed to select items for the PUFULP. In the consensus meetings, the HealthFan survey results
were discussed. These results included thorough analyses from
the overall population, subpopulations, and post-hoc ranking of
the data (e.g., items selected most in the top-5 and items considered most as number one). Additionally, to determine if multiple
items could be covered by one overarching term, conceptual
analyses into possible combinations of different items were performed. To clarify those overarching items, a description of their
definition was added. Subsequently, the selected items were confirmed and operationalized into questionnaire items with answer
categories on an ordinal scale. Special attention was made to the
use of lay language.

Results
Part 1: Important items regarding prosthesis use
Survey response
Surveys were sent to 1226 participants, of whom 465 were
approached by orthopedic workshops and 761 by rehabilitation
centers (Figure 2). Reminders were sent to 906 participants. In the
first 88 reminders sent, participants could not assign any missing
items of the HealthFan on paper. In the subsequent reminders,
this option was added. Eventually, 358 participants were included
for analyses. We did not calculate a response rate because of the
expected overlap between the populations recruited from the
rehabilitation centers and orthopedic workshops.
Population characteristics
Out of the 358 participants, 186 were males (52.0%), 146 were
females (40.8%), and from 26 participants the sex was unknown
(7.3%) (Table 2). The average age was 55.4 years (SD ¼ 16.5;
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Table 2. Characteristics of the 358 participants.
Characteristics
Age (categories)
18–40 years
41–65 years
66 years
Sex
Male
Female
Origin of limb absence
Congenital
Acquired
Side of limb absence
Left
Right
Absence of dominant sideb
Dominant
Non-dominant
Level of limb absence
At or proximal from elbow
Distal from elbow
Type of prosthesis used most
Mono-grip myoelectric
Multi-grip myoelectric
Cosmetic/passive
Body-powered
None
Otherc
Satisfaction with current prosthesisd
Very satisfied
Satisfied
Neutral
Dissatisfied
Very dissatisfied
Highest educational degree
Higher education
Lower education
No degree
Employed
Yes
No
Physically demanding jobe
Heavy
Normal
Light
Mentally demanding jobe
Heavy
Normal
Light

N (%)a
67 (18.7)
172 (48.0)
99 (27.7)
186 (52.0)
146 (40.8)
126 (35.2)
218 (60.9)
193 (53.9)
150 (41.9)
112 (51.4)
102 (46.8)
109 (30.4)
234 (65.4)
87
30
136
36
41
14

(24.3)
(8.4)
(38.0)
(10.1)
(11.5)
(3.9)

65
151
50
31
1

(21.5)
(49.8)
(16.5)
(10.2)
(0.3)

143 (39.9)
191 (53.4)
11 (3.1)
181 (50.6)
164 (45.8)
21 (11.6)
100 (55.2)
54 (29.8)
27 (14.9)
141 (77.9)
8 (4.4)

a

All categories have some missing responses and do therefore not add up
to 100%.
b
Percentages of this category are calculated relative to the group of people
with an acquired amputation since this variable only applies to them.
c
This category includes people that ticked multiple categories in the survey, or
ticked the option “other” and described a type that could not be categorized
based on the information provided.
d
Percentages of this category are calculated relative to the total group of prosthesis users since this variable only applies to them.
e
Percentages of these categories are calculated relative to the group of
employed people since these variables only apply to them.

N ¼ 338); 303 were prosthesis users (84.6%), 41 non-users (11.5%),
and from 14 participants it was not known whether they used a
prosthesis (3.9%). Out of the 41 non-users, 32 participants used
a prosthesis in the past (78.0%) and nine participants never used
a prosthesis (22.0%). Prosthesis-users started to use their first
prosthesis on average 33.1 years (SD ¼ 21.0; N ¼ 295) before completing the survey.
HealthFan survey
A total of 257 participants completed the digital HealthFan survey
and 101 the paper version. Due to the option to fill out the
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Figure 3. Circular barplot presenting how often participants (N ¼ 350) selected each HealthFan item in their top-10. The lengths of the bars represent the percentage
of participants who selected the particular item. The different colors represent the seven themes (clockwise): salmon ¼ activities and participation; green ¼ physical;
yellow ¼ mental; blue ¼ prosthesis general; aquamarine ¼ prosthesis control; purple ¼ rehabilitation; violet ¼ social.

HealthFan survey also on paper, participants could write more or
less than the 10 requested items or could skip the ranking task,
which was not possible in the digital HealthFan survey. If participants selected and ranked more than 10 items, the first 10 were
entered into RedCap. Items were assigned as missing if <10 items
were selected (N ¼ 12), items were unclear (N ¼ 5), more than 10
items were selected and not ranked (N ¼ 3), and if the HealthFan
survey was not filled out the way it was meant (N ¼ 5). From eight
out of the 358 included participants all items were assigned as
missing. Therefore, the item analysis was ultimately based on
350 responses.

The frequency of how often each HealhFan item was selected
in the top-10 from the participants was calculated (Figure 3).
Most selected items in consecutive order were: “wearing comfort”
(54.0%); “grabbing, picking up, and holding” (34.3%); “weight”
(31.4%); “independence” (30.6%); “functionality” (30.0%); “life-like
appearance” (26.6%); “heat/sweating” (26.0%) and “household”
(26.0%); “usability” (25.1%) and “work/job” (25.1%).
Subgroup analyses
Only relevant differences from items selected by more than 25%
of the subpopulations will be discussed below (Supplementary
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Material 1). See Supplementary Material 2 for the top-20 selected
items from all subpopulations.
Age. People aged between 18 and 40 years selected “weight,”
“work/job,” “ease of control,” “usability,” and “anonymity” more
compared to the overall population. Although “wearing comfort”
was selected less frequently by this group compared to the overall population, this item was still the most selected item by people aged 18–40 years. No substantial differences were found
between people aged 41–65 years and the overall population.
People aged 66 years and older selected “need for prosthesis”
more often.
Sex. Women selected “independence,” “household,” “life-like
appearance,” “overuse complaints,” and “anonymity” more often
compared to the overall population, while “grabbing, picking up,
and holding” and “functionality” were selected less frequently.
Men selected “ease of control” more often.
Origin of limb absence. People with congenital ULA selected
the items “weight,” “life-like appearance,” “household,” “work/job,”
and “anonymity” more often compared to the overall population.
No substantial differences were found between people with an
acquired amputation and the overall population.
Level of limb absence. People with ULA at or proximal from the
elbow selected “donning/doffing” more often compared to the
overall population, and “grabbing, picking up, and holding” less.
People with ULA distal from the elbow selected “household” and
“self-care” more often.
Type of prosthesis used most. People who used a mono-grip
myoelectric prosthesis most selected “grabbing, picking up, and
holding,” “reliability,” “independence,” “need for prosthesis,” “ease
of control,” and “work/job” more frequently. MHP-users selected
“household,” “grabbing, picking up, and holding,” “weight,”
“reliability,” “independence,” “work/job,” “speed of movements,”
“heat/sweating,” “dexterity,” and “overuse complaints” more. MHPusers selected “wearing comfort” less. Cosmetic/passive prosthesis
users selected “wearing comfort,” “life-like appearance,”
“prosthesis fit,” “anonymity,” “donning/doffing,” and “appearance
in combination with clothing” more often, and they selected
“independence” less often. People with a body-powered prosthesis selected “wearing comfort,” “grabbing, picking up, and
holding,” “usability,” “need for prosthesis,” and “feeling
comfortable” more frequently compared to the overall population.
Non-users selected “weight,” “functionality,” “ease of control,” and
“phantom limb pain” more often as the most important factors
too, in these cases, not to use a prosthesis.
Items missing in the HealthFan
A total of 62 participants indicated that they missed one or more
items in the HealthFan diagram. Out of the 69 suggested items,
60 were already included in the HealthFan diagram. The following
new items were identified by the participants: “acceptance” (1),
“stump pain” (1), “sensation” (1) and “involvement of a health
care professional” (2). Additionally, three items that did not suit
the aims of this study were suggested: the fixed item “stump
length” (1) and the items “accessories/tools for prosthesis” (1)
and “option to determine the looks of a prosthesis yourself” (1),
which were consciously not included in the HealthFan diagram.
Last, the item “shared decision making” was suggested (1),
which may be applicable for prosthesis choice, but less for prosthesis use, the focus of this study.
Partial least squares regression
The first and overall latent variable explained 13.5% of the variance in the choice of the top-10 selected items. The most relevant
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predictors for the choice of the top-10 selected items were older
age (VIP ¼ 1.99%) and not having a job (VIP ¼ 1.59%), meaning
that the PLS model can predict the top-10 selected items best for
older people and people with no job. The contribution of sex and
education was low.
Part 2: Development of the PUF-ULP
The following nine items were selected for inclusion in the PUFULP: “wearing comfort,” “functionality,” “independence,” “work,
hobby and household,” “user-friendly,” “life-like appearance,”
“phantom limb pain,” “overuse complaints,” and “reliability.” In
Supplementary Material 3 the rationale to include these nine
items and their definitions are given. All selected items were integrated into the data collection technology HealthSnApp 4.0
(www.chateau-sante.info) [27]. The HealthSnApp technology is
based on a simple (i.e. comparing own condition with a few
hypothetical conditions) but robust measurement model that has
a connection with the Rasch model [29,30]. The PUF-ULP exists of
two tasks. In the first task, participants are asked to describe their
present experiences with their prosthesis by ranking the nine
included items (Figure 4). As in the studies of Krabbe et al. and
Shahabeddin Parizi et al., in which the same methodology and
software were used to develop a PROM, each item had four
answer categories (Supplementary Material 3) [19,27]. By clicking
on the information sign (i) in the software, the definition of the
item is shown. In the second task, participants are asked to compare their own described experiences with slightly different experiences and to indicate whether they think their situation is better
or worse than the shown experiences (Figure 5). An advantage of
this new measurement model is the ability to calculate a single
score, which in this case represents the extent to which a prosthesis meets the preferred usage features of ULPs [29,30].

Discussion
In this survey study, 358 participants with ULA selected their top10 most important items regarding prosthesis use from an extensive overview, also called the HealthFan (Figure 1). “Wearing
comfort” was selected most frequently by the overall population,
as well as by most subpopulations except MHP-users.
Furthermore, other comfort-related (e.g., “weight,” “heat/
sweating”) and function-related items (e.g., “grabbing, picking up,
and holding,” “functionality,” and “usability”) were considered
important. With regard to the subpopulations, men rated “ease of
control” as more important compared to the overall population,
while women considered “independence,” “household,” “life-like
appearance,” “overuse complaints,” and “anonymity” more important. Furthermore, people with a mono- or multi-grip prosthesis
rated function-related items as more important compared to the
overall population, while people with a passive/cosmetic prosthesis rated comfort-related and appearance-related items as
more important. Based on the results of the HealthFan survey,
nine items were selected to include in the PUF-ULP.
Our results indicate that people with ULA consider comfort
and function most important when using a ULP, which is in line
with the literature, in which dissatisfaction with function or comfort were mentioned frequently as reasons for prosthesis abandonment [2,6,31–33]. Most research in the field of hand
prosthetics focuses on the improvement of function or control
techniques, like pattern recognition control or restoring sensation
[34–37]. Remarkably, there seems to be far less research focusing
on improving the wearing comfort of prostheses, while multiple
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Figure 4. The first task of the developed mobile measurement tool is to assess the preferred usage features of upper limb prostheses (PUF-ULP). The nine included
items are depicted on screen A. When clicking on the items on screen A, the answer options will change (screen B). Each item has four answer options (C). The colors
of the answers on screen B correspond with the answers in C. By clicking on the information sign (i) on-screen A or B, the definition of the item will appear.

studies underline the importance of comfort [31,38]. Central to
the issue of discomfort seems to be the socket design. A promising and recently upcoming technique to overcome the limitations
of conventional socket design is osseointegration (i.e. bone-anchored prostheses) [34,39,40]. However, this technique is only available for a limited number of people. Another potential solution
for prosthesis discomfort, that still has to be explored, is the customized 3D printed prosthetic sockets [41,42]. We would encourage new studies and the industry to heed the needs of people
with ULA and further investigate solutions that may improve the
comfort of ULPs.
In the review of Smail et al., it was stated that only a few studies addressed the use of contemporary devices like MHPs [31]. In
our study, MHP-users were analyzed as a separate subgroup. The
main difference between an MHP and other prostheses is the
number of grips that can be performed. Our results confirmed
that function-related items (e.g., “grabbing, picking up, and
holding,” “dexterity,” “reliability,” and “speed of movements”)
were more important for MHP-users compared to the overall
population. The finding that “reliability” was considered more
important by MHP-users, may be explained by the more complex
control and lower durability of these devices [1]. Furthermore, it
was interesting that “household” was considered important by
MHP-users, while MHPs are often experienced as less durable [1].
This may be explained by the more convenient grips to hold
objects and tools used during household activities. Another
remarkable result is that MHP-users were the only subpopulation
that did not consider “wearing comfort” as the most important
item regarding prosthesis use. Since the socket of the MHP is

comparable with the socket of the SHP, this may be explained by
a higher priority for prosthesis function within this subpopulation,
which might also be the reason that they pursued an MHP.
Although our study included only 30 MHP-users, this is a considerable number in comparison with previously published papers
[43,44]. Additional studies that include more MHP-users are
needed to confirm the results of this study.
Our study suggests that the items considered important by
people using different types of prostheses are generally consistent
with the purpose of these prostheses: people with a passive/cosmetic prosthesis considered comfort-related and appearancerelated items more important, while myoelectric prosthesis users
often considered function-related items more important. This is in
line with the literature, in which those differences in preferences,
needs, or reasons to abandon a prosthesis often also differed
based on the type of prosthesis used [2,3,31,45]. Additionally, the
non-users included in this study provided valuable information
about specific items, such as “weight,” “functionality,” “ease of
control,” and “phantom limb pain.” They considered these items
important regarding not using a prosthesis. Apparently, prosthetic
features were valued differently by users and non-users, which
should be the topic of further research. Notably, there seem to be
fewer studies in the literature that analyzed differences in items
considered important by separate subgroups based on other
demographic characteristics. In our study, subgroups with different demographic characteristics showed interesting differences in
items that were considered important. For instance, for people
with a more proximal level of ULA donning and doffing of the
prosthesis was more important compared to other subgroups. A
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Figure 5. The second task of the developed mobile measurement tool is to
assess the preferred usage features of upper limb prostheses (PUF-ULP).
Participants were asked to compare their own experiences with their upper limb
prosthesis as rated in task 1 with the shown experiences. In the shown experiences, one item will get better compared to the participant’s experiences (green
accent) and one will get worse (red accent). When clicking on the “book” sign in
the upper right corner, the answers given in task 1 will appear.

likely reason seems to be that donning and doffing of a prosthesis is more difficult with a more proximal level of ULA. Another
example is that men indicated that “ease of control” was considered more important for them compared to the overall population, while women considered appearance-related items,
independence, household, and overuse complaints more important. The differences in items considered important by the subgroups could be used as focus areas to inform patients who
intend to use a prosthesis and to evaluate prosthesis use in clinical practice, and thereby lead to a more realistic expectation pattern of the patient.
This study focused on prosthesis use, which implies another
concept than wearing time. For example, a user can be satisfied
with their ULP, even though the prosthesis is only worn for several hours a week. Consequently, there may be a difference in the
factors influencing wearing time and use. Therefore, it would be
interesting to replicate this study with a focus on wearing time.
Recent literature suggested that age is one of the variables
that may be related to prosthesis satisfaction [46]. Although our
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study did not focus on satisfaction but on items considered
important regarding prosthesis use, in our study age was also
identified as a relevant predictor. Additionally, “not having a job”
was identified as a relevant predictor. Possibly, unemployed people execute other tasks in daily living compared to employed
people and therefore judge other items regarding prosthesis use
more important. It should however be noted that the PLS analysis
could only explain 13.5% of the variance in the choice of the
selection of the top-10 most important items. On the one hand,
this seems to be due to the relatively small data set used for this
type of analysis. On the other hand, this result confirms that the
background variables of an individual could provide focus areas
for prosthesis selection and evaluation in clinical practice, but the
personal situation and an individual’s own experiences with ULPs
should also be taken into account.
The contents of the HealthFan survey were based on a metasynthesis of qualitative literature and a focus group, which both
only included the perspectives from people with ULA [1].
Subsequently, the HealthFan survey was sent to people with ULA.
Due to this strong involvement of people with ULA in the selection of a set of items that comprise the preferred usage features
of ULP, the personal values of the target population are well represented in the new PUF-ULP, making it a user-relevant PROM
with expectedly a high content validity. Because the measurement
model reflects the perception and reporting of patients themselves, it is also less sensible for biases, such as coping and
adaptation [26,30]. In a future study, we have planned to use the
PUF-ULP in a group of ULP users.
The PUF-ULP is a short and practical measurement tool, which
can be used in clinical practice or future research, to investigate
to what extent features of terminal devices and sockets match
the aspects considered most important by the prosthesis users.
Although the PUF-ULP was primarily developed to evaluate prosthesis use, the information gathered with the PUF-ULP may be
useful for prosthesis selection as well. For instance, this information can be used to develop a decision aid for patients who are
considering wearing a prosthesis. Decision aids are tools designed
to assist people in choosing between two or more health care
options by providing information about the different options and
to help by identifying and communicating about personal values
that may affect the decision [47]. Literature suggests that people
using a decision aid feel more knowledgeable, better informed,
more clear about their personal values, and they probably participate more in the decision-making process [48]. Therefore, a decision aid for ULP could help the user and healthcare professional
to determine which prosthesis hand fits the users’ values best.
Some limitations of this study should be mentioned. First,
since we aimed to develop a most complete overview of items
that may be important when using a prosthesis, the HealthFan
diagram contained a large number of these. Consequently, selecting the top-10 items from the HealthFan diagram may have been
difficult for some people. The fact that most of the items that
were assigned as missing were already included in the HealthFan
diagram, also suggests that the HealthFan diagram may not have
been clear enough for everyone. Second, filling out a survey digitally also appeared to be difficult for some people. To resolve this
problem, the reminder included a paper version of the HealthFan
survey, which may have introduced some differences in responses
[49]. Third, the item “grip force” was not included in the
HealthFan diagram by mistake. However, none of the participants
identified “grip force” as missing, which makes it unlikely that this
is one of the most relevant items regarding prosthesis use.
Fourth, the importance of the missing items that were suggested
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by the participants is unknown. Fifth, it may be possible that not
all duplicates were identified since participants from both rehabilitation centers and orthotic workshops were invited and duplicates
could only be checked for if participants provided personal
details. Inviting people from both sources had also advantages
since we reached a large sample from this target population compared to the literature. Sixth, some people owned more than one
type of prosthesis, while in the HealthFan survey we did not
instruct the respondents to select the 10 most important items
related to the prosthesis they used most. Seventh, non-users may
be underrepresented in the study sample. Compared to other
Dutch survey studies performed with the same target population,
our sample included a relatively small proportion of non-users
[50,51]. Therefore, this might not be a representative sample of
the Dutch population of people with ULA. Last, the items considered important regarding prosthesis use may differ for people
with ULA from other countries with other cultures and different
health care systems. Therefore, results should be generalized cautiously.
In conclusion, “wearing comfort” was considered most important regarding prosthesis use by people with ULA, except for the
MHP users. Additionally, other comfort-related and functionrelated items were considered important. These results emphasize
the need to prioritize improvements of the wearing comfort of
prostheses more. Based on the survey results, in which people
with ULA identified which items regarding prosthesis use were
most important to them, nine items were selected for a PROM to
assess the preferred usage features of ULP: the PUF-ULP. Due to
the strong involvement of people with ULA in the development
of the PUF-ULP, the patient values are well represented in this
new tool. The PUF-ULP is a short and practical measurement tool
and therefore suitable to be used as an evaluation tool in clinical
practice or future research. With the PUF-ULP valuable information can be gathered about the match between an individual and
a prosthesis, which may be used to improve providing information about ULP in the clinic to create more realistic expectation
patterns among patients. Ultimately, we hope this will contribute
to lower rejection rates of ULP.
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