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Abstract.
BACKGROUND: Impaired upper extremity function due to muscle paresis or paralysis has a major impact on independent living
and quality of life (QoL). Assistive technology (AT) for upper extremity function (i.e. dynamic arm supports and robotic arms) can
increase a client’s independence. Previous studies revealed that clients often use AT not to their full potential, due to suboptimal
provision of these devices in usual care.
OBJECTIVE: To optimize the process of providing AT for impaired upper extremity function and to evaluate its (cost-)
effectiveness compared with care as usual.
METHODS: Development of a protocol to guide the AT provision process in an optimized way according to generic Dutch
guidelines; a quasi-experimental study with non-randomized, consecutive inclusion of a control group (n = 48) receiving care as
usual and of an intervention group (optimized provision process) (n = 48); and a cost-effectiveness and cost-utility analysis from
societal perspective will be performed. The primary outcome is clients’ satisfaction with the AT and related services, measured
with the Quebec User Evaluation of Satisfaction with AT (Dutch version; D-QUEST). Secondary outcomes comprise complaints
of the upper extremity, restrictions in activities, QoL, medical consumption and societal cost. Measurements are taken at baseline
and at 3, 6 and 9 months follow-up.
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1. Background

Different neurological diseases, traumatic injuries
and other health conditions can lead to impaired up-
per extremity function due to muscle paresis or paral-
ysis, with severe consequences for independent daily
functioning [1,2], and impacting largely on autonomy,
self-esteem and quality of life (QoL) [3,4]. No aggre-
gated prevalence data on clients with impaired upper
extremity function exist; however, considering merely
the prevalence of certain neurological diseases, the tar-
get population is substantial. The prevalence data, ex-
pressed as number per 100,000 inhabitants, of neuro-
muscular diseases (1,145) [5] (including amyotrophic
lateral sclerosis (ALS) (9–11) [6]), multiple sclerosis
(MS) (183) [7], stroke (338.8) [8] and cervical spinal
cord injury (48.6) [9] would add up to about 332,000
clients in the Netherlands. While a large fraction is not
in need of assistive technology (AT) devices for en-
hancement of upper extremity function (i.e. dynamic
arm supports and robotic arms), the estimated number
of 150 provisions per year, based on unpublished data
from a Dutch supplier and a health insurance company,
appears to be relatively small [10,11].

According to the ISO 9999 standard [12], dynamic
arm supports are “arm supports to permit manual ac-
tivities”. In this study, dynamic arm supports are op-
erationally defined as “AT that facilitates arm func-
tion during activities of daily living” [13]. They “al-
low people with weak arms to move more freely. They
consist of a trough on hinged brackets which attaches
to the wheelchair and support the arm in a range of
positions for activities such as eating, typing, writing
etc.” [14]. Robotic arms are referred to as robotic ma-
nipulators and described as “powered products, con-
trolled by the user with e.g. a joystick, to replace arm,
hand and finger functions, to reach, grasp and move
objects in space” [12].

In 2020, a variety of 14 dynamic arm supports and
robotic arms were commercially available from three
different suppliers in The Netherlands. Dutch health
insurances reimburse dynamic arm supports and robotic
arms, which are relatively expensive devices, under the
Health Care Insurance Act (Section 1.4 AT devices,
Articles 2.6 and 2.12). In The Netherlands, annually
more than 2 million euro is spent on these devices [15].
These direct costs are based on the relatively small
proportion of clients receiving such a device. In terms
of cost-effectiveness, the direct costs need to be com-
pared against societal impact, e.g. consumption of care
and paid productivity; not receiving (appropriate) dy-

namic arm supports or robotic arms may lead to waste
of resources through abandoned devices, overconsump-
tion of care and underrepresentation of the target pop-
ulation in paid productivity. The use of an appropri-
ate dynamic arm support or robotic arm is expected to
lead to improved user satisfaction with the AT, a higher
QoL, less care consumption and reduced productivity
loss [2,16,17].

Internationally, little is known about the (cost-
)effectiveness of dynamic arm supports and robotic
arms. A decrease in formal and informal care was re-
ported in a study with seven JACO® robotic arm users
in Canada [18], who also indicated that JACO® enabled
working or studying. Additionally, decreased need for
assistance i.e. during self-care activities was reported
for various robotic arms in clients with various diag-
noses [19] and clients with Duchenne muscular dys-
trophy [20]. The only study that structurally assessed
the effect of the provision of a robotic arm on care in
clients with various diagnoses showed that time spent
by informal caregivers decreased in five of the ten new
users. Time spent by formal caregivers did not decrease
in seven of the ten users, but did not increase either [19].
With regard to the effects of dynamic arm supports, a
previous study in users with various diagnoses showed
great variation in effects. In half of the cases, clients
experienced a moderate benefit on the ability to perform
ADL with the selected dynamic arm support, but it was
concluded that more added value seemed possible [13].

Various studies have shown that dynamic arm sup-
ports and robotic arms are not used to their full poten-
tial [2,13,16]. A number of bottlenecks have been iden-
tified in the process of providing dynamic arm supports
and robotic arms, which is currently not standardised.
These include:

1. Not all clients who might benefit from the use of
AT know about their existence or how they could
initiate the provision process. Care professionals
do not have sufficient knowledge about the (range
of) AT devices, and are not always aware of all
products’ features, functions, and functionalities.

2. The cooperation between client, supplier and care
professional is hampered, and the match between
AT device, client and environment is often not
adequate. Due to the current effectuation of the
Dutch legislation and regulations, suppliers and
care professionals are limited in their ability to
provide the most suitable device based on the In-
ternational Classification of Functioning, Disabil-
ity and Health (ICF), inter alia, as finding and
funding a suitable AT device is hindered by dif-
ferent reimbursement schemes.



U. Roentgen et al. / (Cost-)effectiveness of optimized provision of AT for impaired upper extremity function 209

3. The delivery period takes quite (and sometimes in
the case of rapidly progressive diseases too) long.

4. Clients’ needs and abilities change over time,
which is hard to anticipate and adjusting devices
is only possible to a limited extent. Profession-
als are not facilitated to realise a trial period or
to select and deliver another device if evaluation
shows that the current is insufficiently effective.

5. The amount of (additional) training and aftercare
as well as required inter-professional cooperation
is restricted.

6. Health insurance companies that reimburse a dy-
namic arm support or robotic arm oblige suppliers
to evaluate the provision. However, evaluations
provide only limited insight into the added value
of the AT [2,13,16].

In 2018, two stakeholder meetings with clients, oc-
cupational therapists, suppliers and researchers con-
firmed these bottlenecks. Additionally, these stakehold-
ers identified further bottlenecks in the way dynamic
arm supports and robotic arms are financed leading to
difficulties in getting devices reimbursed, and a lack of
knowledge regarding the devices’ (cost-)effectiveness.
It was concluded that changes are required on micro-,
meso- and macro level, including regulations and work-
ing processes [21].

These findings are in line with the problems de-
scribed by the Netherlands Patients Federation regard-
ing the provision of AT in general [22]. In international
scientific literature, hardly any information is available
about bottlenecks in the selection and provision of dy-
namic arm supports and robotic arms. Kumar reports
difficulties clients using dynamic arms supports and
robotic arms encounter in daily life situations, e.g. barri-
ers in mobility due to increased width of the wheelchair.
Such difficulties could have been tackled by carefully
selecting devices [23].

In order to determine the effectiveness of AT devices,
it is essential that the provision process runs smoothly,
resulting in an optimal match between the individual
clients’ needs and abilities, the physical and social con-
text, and AT devices [24]. Not optimally providing AT
means that resources are not (optimally) used. Since
clients’ problems are not solved, they are not able to
function optimally, experience a diminished QoL and
may unnecessarily utilise care or search for alterna-
tive solutions [13]. Optimizing the provision process
as a central part of this study is important, as a well-
performed provision process that takes into account
all relevant factors for the successful provision of this
type of AT devices is a prerequisite for determining

the effectiveness of the devices themselves [25]. If an
optimal match is not realised and there is no proper
instruction and training, resulting in no or suboptimal
use, no optimal effect of the device can be achieved
for the client in question. The objective of this study
is to OptiMize the provision process of AT devices for
impaired upper extremity (ARM and hand) function and
to evaluate its (cost-)effectiveness compared with care
as usual (OMARM study).

The following hypotheses will be tested: an opti-
mized provision process leads to more user satisfac-
tion with the AT device and the related service delivery,
fewer complaints of the upper extremity, less difficul-
ties in performing meaningful activities of daily liv-
ing, improved participation and a better QoL, and less
societal consumption when compared with usual care.
Moreover, an optimized provision process is expected
to be cost-effective compared with usual care.

2. Methods

2.1. Study design

The study is registered at the Dutch trial register
with number NL8087 and is designed as a prospective,
quasi-experimental study with non-randomized, con-
secutive inclusion of a control group in year 1 and of an
intervention group in year 2. Participants in the control
group will receive a dynamic arm support or robotic
arm through the common, non-standardized provision
process (care as usual), whereas the AT provision of
participants in the intervention group will be conducted
according to the standardized protocol of the optimized
process, which will be developed in co-creation with all
stakeholders in the first year of the study [26–28]. Cost-
effectiveness is assessed by questionnaires, which are
sent before provision (baseline), and 3, 6 and 9 months
after provision. For an overview of the study design,
see Fig. 1.

The study will be performed in five phases:

Phase 1: Baseline measurement and effect measure-
ments in the control group (receiving care
as usual), paralleled by the development
of a protocol for the optimized provision
process of AT devices for upper extremity
function.

Phase 2: Implementation of this protocol in the care
process of participating centres and suppli-
ers.
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Fig. 1. Flow diagram of the OMARM study. DAS = dynamic arm support, RoA = robotic arm.
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Phase 3: Baseline measurement and effect measure-
ments in the intervention group (receiving
care according to the newly developed pro-
tocol).

Phase 4: Data-analysis and economic analysis to
ascertain (cost-)effectiveness of the opti-
mized provision process compared with
care as usual.

Phase 5: National implementation of the protocol
when the optimized provision process is
(cost-)effective.

2.2. Study population

The study population consists of adult clients with
impaired upper extremity function due to muscle pare-
sis or paralysis (e.g. neuromuscular disease, stroke, MS,
ALS, or cervical spinal cord injury). Inclusion criteria
are: 1) aged 18 years or older; 2) considering a dy-
namic arm support or robotic arm to support limita-
tions in upper extremity function, defined as trying out
a dynamic arm support or robotic arm with one of the
Dutch suppliers; and 3) falling under Dutch legislation
with respect to care and the provision of AT devices.
Exclusion criteria are: 1) experiencing limitations in
hand, but not in arm function and 2) not being able to
complete a Dutch-language questionnaire or to respond
to the questions orally. All adult clients who meet the
inclusion criteria and receive care in one of the partici-
pating centres or supplier companies (Amsterdam UMC
location Academic Medical Center, Radboudumc, Siza,
Assistive Innovations, Focal Meditech, and Sarkow) in
the period from December 2019 to March 2021 (con-
trol group) and April 2021 to March 2022 (intervention
group) are eligible for participation in the study, even if
they ultimately do not obtain or use such a device.

2.3. Sample size calculation

A scoping review was carried out on studies in which
user satisfaction with AT devices and the associated
services was measured as an outcome using the (Dutch
version of the) Quebec User Evaluation of Satisfaction
with assistive Technology ((D-)QUEST). From this re-
view, studies on different types of devices were evalu-
ated [29–40], specifically devices that compensate or
replace the upper extremity function [41–47]. The re-
viewed studies showed averages and standard devia-
tions from 4.3 (± 0.45) to 3.28 (± 0.82) for device sat-
isfaction and from 4.21 (± 0.57) to 4.6 (± 0.70) for ser-
vice satisfaction if only upper extremity related devices

were considered, and averages and standard deviations
from 3.9 (± 0.15) to 3.25 (± 1.04) (device) and 3.6 (±
0.18) to 4.1 (± 1.10) (service) concerning other devices.
Based on an expected change in the primary outcome
measure of 0.5 and assuming a standard deviation on
the average value of 0.7 [43,46], a power of 80%, and
a significance level of alpha = 0.05 in the case of a
two-sided independent t-test, each group must consist
of 40 participants. Taking into account an expected loss
to follow-up of 20%, 96 participants are needed: 48 in
the control group and 48 in the intervention group [48].

2.4. Procedures

2.4.1. Recruitment and consent
Physicians, occupational therapists and suppliers’

advisors will ask all eligible clients for their interest to
participate and provide brief oral information about the
study, in an attempt to prevent volunteer or referral bias.
After confirmation of their interest, clients will receive
the comprehensive patient information letter and can
ask additional questions. Subsequently, after one week
of reflection time, they can definitively register with a
researcher and sign an informed consent form.

2.4.2. Data collection
After obtaining informed consent, for each partici-

pant a record will be created in Castor (Castor EDC,
Amsterdam, The Netherlands) [49]. Participants in the
control and intervention group will be asked to fill in
an online questionnaire (sent through Castor) regarding
clients’ satisfaction with the AT and related services,
complaints of the upper extremity, restrictions in activi-
ties, QoL, medical consumption and societal cost four
times during the study period (at baseline, and 3, 6 and
9 months after provision of the device); each question-
naire takes about 30 to 45 minutes. Further, participants
will fill in forms for monitoring the provision process,
taking about two minutes each.

2.4.3. Care as usual
The process of providing AT for impaired upper ex-

tremity function within care as usual is described in
van der Heide et al. [50], based on data of 16 persons
who were retrospectively interviewed on their service
delivery process and participated in a focus group ses-
sion with advisors of a supplier. Important aspects are
summarized below; a comprehensive overview of all
steps with more detailed information is presented in van
der Heide et al. [13,50].
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Devices are mainly provided to clients living at home
and to a lesser extent to people in residential care facil-
ities or to support work processes in the context of the
Employee Insurance Agency.

The following people are generally involved in the
provision process: clients, possibly family members,
advisors of AT suppliers, care professionals such as
occupational therapists and rehabilitation physicians.
Together with clients, the latter play a major role in the
first three steps of the process as detailed below. In the
subsequent steps, the role of healthcare professionals
decreases when clients contact an AT supplier’s advisor.

Step 1: Identifying a problem. Clients signal prob-
lems related to impaired upper extremity
function and limitations in the performance
of activities of daily living and take dif-
ferent routes (i.e. contact an occupational
therapist or suppliers directly).

Step 2: Request for care. According to general
Dutch guidelines for the provision of
AT [27,28] this includes an anamnesis to
identify impairment, disabilities, partici-
pation restrictions, contextual factors, and
prognosis. In current practice, this infor-
mation might be collected by occupational
therapists, but is not shared with suppliers’
advisors with whom a try-out is arranged,
so that comparable information is collected
(again) by AT suppliers’ advisors during
step 4.

Step 3a: Type of solution. Professionals, mostly
occupational therapists and rehabilitation
physicians, and clients jointly decide whe-
ther there is potential benefit in using an
AT device for a specific goal related to im-
paired upper extremity function. In prac-
tice, goal setting is repeated by suppliers’
advisors, guided by a short protocol. This is
necessary, since not every healthcare pro-
fessional is well informed about the poten-
tial of dynamic arm supports and robotic
arms. Conversely, once it has been decided
that clients can benefit from such a device,
other available options, such as eating de-
vices, are only considered to a limited ex-
tent [13,50].

Step 3b: Programme of requirements. Step 3 and
4 are often carried out simultaneously in
practice. The requirements are determined
by suppliers’ advisors, primarily by ad-
dressing their tacit knowledge and guided

by a protocol. Furthermore, Dutch health
insurance policy imposes the rule that the
most simple and adequate solution is pro-
cured. Additionally, client’s health insur-
ance company does not always procure
each type of dynamic arm support without
financial consequences for the client.

Step 4: Selecting, trying out and deciding. This
is mainly done while trying out different
types of devices (e.g. electronic, passive,
robotic arm) in clients’ homes. Selecting
an appropriate device is part of a docu-
mented protocol based on the ICF [50] and
ISO9999 [12], and partly on tacit knowl-
edge. Usually, a fit takes 30 to 60 minutes
in the presence of a supplier’s advisor and
an occupational therapist. During this time
clients can experience what it feels like to
use the AT devices and often the activities
that clients would like to have supported are
tried out, sometimes simulated. The final
choice for a device is made in consultation
between client, supplier and care profes-
sional present. However, part of the clients
feel that they have had too little say in the
final choice.
During the selection and testing of devices,
clients receive a lot of information and
might experience fatigue, so that it is not
always clear afterwards which choice they
have made and why. Trying out a device for
a short period in the home environment is
currently not possible, due to limited finan-
cial resources.

Step 5: Delivering. In general, a device is delivered
between two and five months after a choice
has been made. A brief instruction is given
by the supplier and a manual is supplied.

Step 6: Using. In case of problems, clients should
contact the supplier to find a solution.
Sometimes clients solve problems them-
selves, sometimes they keep an AT device
that does not function optimally. Training
in use is not a structural part of the provi-
sion process, yet.

Step 7: Evaluation. Structural evaluation is not a
standard part of the current provision pro-
cess.
A summary of the bottlenecks in the pro-
vision process of AT devices for impaired
upper extremity function [50] is provided
in Fig. 2.
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Step 1. Identifying a problem
Step 2. Request for care

– Unknown which information is collected by professionals
such as occupational therapists, but little information is
shared with professionals in later steps (advisors)

Step 3. Plan of care

– Unrealistic goal setting by professionals (due to limited
knowledge)

– Not considering dynamic arm supports as a potential solu-
tion by professionals

– National reimbursement rules affecting abilities to obtain
dynamic arm supports in combination with other AT/home
adaptations

– Lack of documented knowledge regarding how to match
person with dynamic arm support

Step 4. Selecting, trying out and deciding

– Clients receive a lot of information during a short period
of time in the try-out resulting in the fact that they are not
fully aware of what happened

– Clients do not feel sufficiently involved in the selection
process

– Relatives (parents) impede independent decision making
of children

– Preferred activities are not always tried out in daily life
situations

– Inability of trying out a dynamic arm support for a longer
period of time in real life

– National reimbursement rules affecting abilities to obtain
dynamic arm supports

Step 5. Delivering

– Relatively long waiting times between try-out and delivery
– Problematic cooperation between different compa-

nies/institutions involved
– There is no standard training

Step 6. Using

– Unsolved issues in using the device when people do not
actively contact the supplier

– Deterioration of arm function during try-out and delivery

Step 7. Evaluation

– No standard evaluation or follow-up

Fig. 2. Summary of aspects that could be optimized in the provision
process of dynamic arm supports (based on van der Heide et al. [50]).

2.4.4. Intervention (optimized process)
In the intervention group, a new working method

explicated in a module for the provision of AT for im-
paired upper extremity function will be applied. This
module will follow all steps of the generic Dutch quality
framework for the provision of AT [26].

Step 1: Identifying a problem. The module will pro-
vide tools to create awareness for AT to sup-
port limited upper extremity function and in-
formation about persons to contact for ad-
vice and provision.

Step 2: Request for care. The module will include,
among other things, an overview of as-

sessments to identify clients’ problems that
might be solved by AT for upper extremity
function.

Step 3: Plan of care. Based on insight into possible
solution directions (e.g. dedicated devices,
assistance dogs, and environmental control
devices), it will be determined whether a dy-
namic arm support or robotic arm is a possi-
ble solution. An overview of currently avail-
able products will be established and this
information will be made accessible for all
stakeholders.

Step 4: Selecting, trying out and deciding. Func-
tionalities and properties of the different
arm supports and robotic arms will be made
transparent in a standardised manner. A best
practice will support the process of selecting,
trying out and deciding. The module will
provide insight into factors to be considered
when selecting an appropriate device (prod-
uct characteristics in relation to activities,
daily use and the environment in which the
client operates).

Step 5: Delivering. Clients will be provided with
clear instructions about (the use of) their de-
vice, e.g. by using film material.

Step 6: Using. Involved healthcare professionals
(occupational therapists/physiotherapists)
will be given a greater role in training and
encouraging the use of the device. The mod-
ule will contain agreements on follow-up
and maintenance when problems arise.

Step 7: Evaluation. This step will comprise a struc-
tural evaluation of the effect of the AT pro-
vision in relation to the plan of care and
treatment objective, making use of existing
instruments and methodologies as much as
possible. The module will be in line with
current Dutch legislation and regulations.

2.5. Study variables (primary and secondary
outcomes)

In selecting appropriate outcome measurements for a
cost-effectiveness analysis of AT devices, the different
components of the ICF (functions, activities and partic-
ipation, and external factors) [26,51] and the different
dimensions of QoL were taken into account [52]. These
were operationalised as 1) satisfaction with the AT de-
vice and the related services, 2) experiencing fewer
problems in upper extremity functions and functioning
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Table 1
Measurement instruments OMARM study

Theoretical
concept

Measurement
instrument

Items/content Answer/response options Base-line Follow-up at 3,
6 and 9 months

ICF – health
condition

Intake Diagnosis incl. disease
progression

Multiple choice x

ICF – personal
factors

Intake Age, gender, highest level of
education, marital status etc.

Input field and multiple
choice

x

ICF –
environmental
factors

D-QUEST [54,55] Generic tool for all populations
and types of AT devices 8
questions about characteristics
of AT devices, 4 questions
about the associated services

Ordinal 5-point scale (not
satisfied at all – very
satisfied) total score 12–60,
ratio scale

x

ICF –
environmental
factors

KWAZO [57] 7 questions about accessibility,
information/clarity,
coordination, expertise,
efficiency and having a voice

Ordinal 3-point scale
(insufficient, sufficient or
good), total score 7-21,
ratio scale

x

ICF – body
functions

DASH- DLV [58] 5 items on
symptoms/complaints upper
extremity

Ordinal 5-point scale (no
problem at all – impossible;
no restrictions at all –
impossible; no pain –
extreme pain; completely
disagree – completely
agree)total score 0–100,
ratio scale

x x

ICF – activities DASH-DLV [58] 25 items on restrictions in
activities

ICF – activities IPPA [60] 1–7 self-defined items on
problems in performing
activities of daily living that are
important to the individual
client

Ordinal 5-point scale
relevance (not relevant at
all – very relevant) and
perceived difficulty (no
difficulty at all – too much
difficulty to perform the
activity) difference score
between baseline and
follow-up

x (base-line) x (follow-up)

ICF –
participation

iMTA PCQ [63] See below (Economic
evaluation)

x x

QoL EQ-5D-5L [61] 5 items about mobility,
self-care, usual activities,
pain/discomfort, and anxiety
and depression & 1 items on
health

Ordinal 5-point scale and a
0–100 Visual Analogue
Scale

x x

Economic
evaluation

iMTA MCQ [62] Type and number of
appointments with health care
professionals in the last
3 months, type & number of
received treatment, support or
other social and health care
interventions

Input fields x x

Economic
evaluation

iMTA PCQ [63] Time spent with (unpaid) work,
absenteeism and support of
informal caregivers for unpaid
work/productivity during the
last 4 weeks

Input fields x x

D-QUEST = Dutch version of the Quebec User Evaluation of Satisfaction with assistive Technology; KWAZO = Kwaliteit van zorg; tevredenheid
over de verstrekking van een hulpmiddel (Quality of care; satisfaction with the provision of Assistive Technology); DASH-DLV = Disabilities of
the Arm, Shoulder and Hand − Dutch Language Version; IPPA = Individually Prioritised Problem Assessment; EQ-5D-5L = 5-dimension 5-level
EuroQol (the 5-level EQ-5D version); iMTA PCQ = Productivity Cost Questionnaire; iMTA MCQ = Medical Consumption Questionnaire.
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and in performing daily activities that are important for
the individual client, 3) increased participation and QoL
and 4) less dependence on (informal) care [24,53] (see
overview in Table 1).

2.5.1. Primary outcome measure
Clients’ satisfaction with the device and the associ-

ated services will be measured using the D-QUEST [54,
55]. The D-QUEST is a Patient Reported Experience
Measure (PREM), at the ICF level ‘environmental fac-
tors’. The D-QUEST comprises eight questions about
certain characteristics of AT devices and four questions
about the associated services on an ordinal 5-point scale
(from ‘not satisfied at all’ to ‘very satisfied’). The in-
strument leads to two sub-scores (device satisfaction
and service satisfaction) and a total score (range 12 to
60). In most studies, the ordinal variables are converted
to numbers (1 to 5) and then used as variables at ra-
tio level, with averages and standard deviations. The
D-QUEST is a generic tool for all populations and all
types of AT devices. Validity and reliability of the (D-
)QUEST have been qualified as “good” in clients using
different AT, including orthoses [56].

2.5.2. Secondary outcome measures
Clients’ satisfaction with the process of device de-

livery will be measured with the “Kwaliteit van zorg;
tevredenheid over de verstrekking van een hulpmid-
del [Quality of care; satisfaction with the provision of
Assistive Technology]” (KWAZO) [57]. The KWAZO
comprises seven questions concerning accessibility,
information/clarity, coordination, expertise, efficiency
and having a voice, which can be answered by ‘insuffi-
cient’, ‘sufficient’ or ‘good’. Its psychometric properties
were considered “decent”, with a high user-friendliness
in clients using a variety of AT [57].

Restrictions in upper extremity activities and com-
plaints will be measured with the Disabilities of the
Arm, Shoulder and Hand - Dutch Language Version
(DASH-DLV) [58]. The DASH comprises 30 items on
the ICF level ‘body functions and activities’, concern-
ing the degree of complaints or impairments in the com-
plete upper extremity during the previous week. Each
item is answered on a 5-point-scale (from ‘no prob-
lem at all’ to ‘impossible’). Based on assessment of its
psychometric quality in clients with different one-sided
upper limb disorders, the DASH-DLV has been quali-
fied as “a valid and reliable instrument”, with excellent
internal consistency, satisfactory test-retest reliability,
and a concurrent validity of 81% compared with the
COPM [59].

The extent to which the AT device contributes to re-
ducing or eliminating problems in performing activities
of daily living important to the individual client, will be
measured by the Individually Prioritised Problem As-
sessment (IPPA) [60]. The IPPA is a Patient Reported
Outcome Measure (PROM) at the ICF level ‘activities’.
During the baseline measurement, participants can list
up to seven activities and rate their relevance and per-
ceived difficulties while performing them, each on a
5-point scale (from ‘not important at all’ to ‘very im-
portant’, and from ‘not difficult at all’ to ‘too difficult
to perform the activity’). During follow-up, participants
will rate the perceived difficulties again. The IPPA has
been characterized as a user-friendly and valid instru-
ment [28].

QoL will be measured using the 5-dimension 5-level
EuroQol (EQ-5D-5L) [61]. The questionnaire contains
five questions about mobility, self-care, usual activities,
pain/discomfort, and anxiety and depression scored on
a 5-point scale indicating the degree of problems with
each dimension and one question about experienced
health scored on a 0-100 visual analogue scale. The
EQ-5D-5L provides a profile of QoL of which utilities
between 0 and 1 will be derived using Dutch tariffs. Us-
ing the utilities, the quality-adjusted life years (QALY)
will be calculated by correcting the life years for the
quality of these life years.

Participants’ medical consumption, productivity and
societal costs will be measured with the iMTA Med-
ical Consumption Questionnaire (MCQ) and Produc-
tivity Cost Questionnaire (PCQ) [62,63], which have
been tailored for the purpose of this study. In the iMTA
MCQ, participants specify the number of appointments
made with various healthcare and related professionals
in the last three months, as well as the type and num-
ber of received treatments, support or other social and
health care interventions. The iMTA PCQ ascertains
the time spent with (unpaid) work and absenteeism, and
addresses the ICF participation level. The instrument
is largely based on formerly validated questions and
was evaluated as feasible and understandable [64]. Its
psychometric properties have been assessed as “good”
in clients with musculoskeletal disorders [65].

2.6. Monitoring the provision process

To objectify the differences between care as usual
and intervention, the provision process will be moni-
tored. Participants will receive forms with questions on
what date, with which care provider(s), and for what
purpose (e.g., fitting, evaluation) an appointment took



216 U. Roentgen et al. / (Cost-)effectiveness of optimized provision of AT for impaired upper extremity function

place, which tools (assessments, checklists, etc.) were
used, how long the appointment lasted and where (e.g.
rehabilitation centre, free practice, at the participant’s
home) it took place. Participants can add any further
comments and are asked to fill in one form each time
they contact professionals during the AT provision pro-
cess. The evaluation forms can be sent to the researchers
by stamped return envelopes.

2.7. Data management

Data will be collected via and stored in Castor, a
secure electronic data capture system [49]. Anonymised
data and metadata will be made findable and available
to third parties for reuse via Figshare, including the
creation of a Zuyd DOI.

2.8. Statistical analysis

Demographic and background data will be displayed
using descriptive statistics. If matching is not possible,
propensity score matching will be applied using logistic
regression analysis (with confounders as a dependent
variable and control/intervention group as independent
variables). Subsequently, an ANOVA repeated measures
will be applied (with Post-hoc Bonferroni) when the
entire dataset is available, based on the “intention to
treat” principle. SPSS version 26 will be used for the
statistical analyses.

2.9. Economic evaluation

The economic evaluation will be carried out in accor-
dance with Dutch guidelines [66] and is a combination
of a cost effectiveness analysis (CEA) and a cost utility
analysis (CUA) from a societal perspective with a time
horizon equal to the follow-up of the impact study of
9 months. In the CEA, the outcome of interest is satis-
faction with the device and related services as assessed
with the D-QUEST. Primary outcome measure for the
CUA is QALY gained as measured with the EQ-5D-5L.

Costs will be calculated bottom-up. The valuation of
the costs will be based on the updated Dutch manual for
health care cost research [67], containing standardised
cost prices.

As cost data are often skewed, non-parametric boot-
strapping will be done using Microsoft Excel (Microsoft
Corporation, Washington, USA) to determine statistical
differences in costs between the intervention and con-
trol group. To be able to make a statement about the
efficiency of the new protocol, the Incremental Cost-

Effectiveness Ratio (ICER) is calculated. The ICER
combines the difference in costs and effects of two treat-
ment alternatives into one measure using the following
formula:

ICER = (cost of intervention group – cost of control
group) / (effect in intervention group – effect in control
group), where effect is expressed as improvement in
D-QUEST for the CEA and QALY gained for the CUA.
The uncertainty surrounding the ICER due to sampling
variation will be analysed using non-parametric boot-
strapping. The resulting 95% confidence interval will
then be plotted in a cost-effectiveness plane. This is a
graph showing the incremental cost on the Y-axis and
the incremental effect on the x-axis. To help policymak-
ers in the Netherlands, the maximum cost of an inter-
vention in relation to health gains, expressed in QALYs
(Willingness to Pay (WTP)), has been determined. In
the Netherlands, society is prepared to pay a maximum
of C80,000 per QALY per year, depending on the sever-
ity of the disease. The results of the current research
will be expressed in a Cost-Effectiveness Acceptability
Curve (CEAC) presenting the probability of the new
provision process of AT being more cost-effective in
terms of satisfaction and QALYs gained compared with
the current/usual provision process of AT for differ-
ent WTP thresholds. In addition, a number of one-way
and multi-component sensitivity analyses will be per-
formed on important cost parameters to investigate the
robustness of the results.

2.10. Dissemination policy

The protocol will be submitted to the National Health
Care Institute. It will be digitalized and published via
Vilans, the national Centre of Expertise for Long-term
Care in the Netherlands. The results and recommenda-
tions will be reported to health insurers via Zorgverzek-
eraars Nederland (ZN), the umbrella organization of
eleven health insurers in the Netherlands. In addition,
the results of the study will be published in the form of
scientific articles for the Dutch associations of Occu-
pational Therapy (Ergotherapie Nederland (EN)) and
the Dutch Society of Rehabilitation Medicine (DSRM)
(Nederlandse Vereniging van Revalidatieartsen (VRA)),
and international scientific journals. An information
report for patient associations and dissemination via
social media and presentations will also be arranged.

After development, all parties involved will issue a
news report on the new protocol. A presentation on the
protocol will be submitted for the annual conferences
of EN and VRA. Furthermore, a postgraduate course
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will be developed which will be provided as a pilot
together with the suppliers to healthcare professionals
of the healthcare centres involved.

3. Discussion

The objective of this study is to optimize the provi-
sion process of AT devices for impaired upper extremity
function and to evaluate its (cost-)effectiveness com-
pared with care as usual in patients with muscle paresis
or paralysis due to a variety of (neuro-muscular) disor-
ders. In the context of efficiency research, the process
of providing AT devices has rarely been studied before.
This study on AT devices for upper extremity function
could be seen as an example with transferable and gen-
eralizable results for other types of complex AT [21].
The effectiveness of an AT device cannot be examined
irrespective of clients’ personal characteristics, their
limitations, desired and necessary activities and par-
ticipation and their social and physical context [24].
The complexity of the provision process and in partic-
ular the matching of client and device implicates that
many different factors influence satisfaction with the
process and device. Moreover, the study deals with a
very diverse target group. The (existing) diversity of the
target group and the broad applicability of the protocol
(high external validity) have been taken into account
by focusing on the problem in terms of functioning
(ICF-based) instead of focusing on certain diagnoses
or a clinical measure for upper extremity function. The
high external validity will increase the ability to transfer
outcomes of the study to daily practice after implemen-
tation of the protocol at the end of the study. The risk
of confounders and different forms of possible bias are
taken into account.

The risk of information bias is considered small as
data is collected prospectively and will be equal in the
control group and intervention group. Furthermore, by
separating the control and intervention groups in time,
contamination bias is counteracted. In addition, the in-
volvement of professionals (therapists and suppliers) is
more likely to be equal and consistent for the partici-
pants in the intervention and control group, as the same
professionals are involved in both groups. The inclusion
of participants takes place at a comparable time of the
year, so that seasonal effects are equally distributed over
both groups. In order to gain insight into the possible
presence of selection bias, basic characteristics of the
participants are mapped.

Changes in the health care system may affect the
provision of AT devices, resulting in no longer com-

parable situations for the control group and interven-
tion group. However, changes in legislation and regula-
tions at macro level are not expected from the National
Health Care Institute within the project period (personal
communication). Another source of bias could be that
healthcare providers spend more time on provision in
the intervention group, leading to more service satisfac-
tion. Being able to take more time to make a good se-
lection (fitting), and to provide instruction and training,
however, these are essential elements of an optimized
provision process and part of the intervention, which is
also included in the cost-effectiveness analysis.

The client-centered selection of the outcome mea-
sures is a strength of the study. Client satisfaction is
decisive for the use of a device and the prevention of
abandonment. The subjective experience of the client is
taken into account by means of the D-QUEST, which
includes a question about the perceived effectiveness
of the device. In addition, a selection of (user-centered)
assessments is included, and the IPPA specifically ad-
dresses the question whether the AT device leads to
fewer problems for users during the performance of
activities that are important to them. The selected as-
sessments are recommended by experts in the field of
AT provision and economic analysis [68].

To conclude, various measures have been taken to
adequately address the methodological challenges of
the study described. Through an optimized provision
process of AT devices for upper extremity function,
implemented into daily practice by useful tools, and
insights into its (cost-)effectiveness, the results of the
OMARM study may contribute to the quality of care
and service delivery for (potential) dynamic arm support
and robotic arm users.
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