Hutmacher et al. Journal of NeuroEngineering
Journal of NeuroEngineering and Rehabilitation (2025) 22:113

https://doi.org/10.1186/512984-025-01642-8 and Rehabilitation

) ) .. ®
|dentification of needs for an assistive it

robotic arm in individuals with tetraplegia:
a mixed-methods approach

N. Hutmacher", A. Bellwald', R. Rtz?, G. Gruener?, P. Eichelberger', N. Lutz', V. Steiner' and A. M. Raab'

Abstract

Background A severe spinal cord injury (SCI) can profoundly affect an individual’s physical abilities and social
independence. For individuals living with tetraplegia, an assistive robotic arm offers the potential to restore some
autonomy and reduce the need for constant assistance. However, current assistive technologies are often costly,
impractical, and fail to meet the needs of those affected. This leads to high rates of abandonment and user frustration
with the technology. The aim of this study was to identify the needs and expectations of both individuals with tetra-
plegia and their caregivers regarding an assistive robotic arm in performing everyday activities.

Methods A mixed-method approach was used, beginning with a focus group interview and followed by two online
surveys; one aimed at individuals with tetraplegia and the other at caregivers. Qualitative analysis of the focus groups
was performed using Focus Group lllustration Mapping. The online surveys were analyzed descriptively and qualita-
tively using structured content analysis.

Results A total of seven participants (individuals with tetraplegia, caregivers, physiotherapists, and an engineer) took
part in the focus group interview. The online surveys were completed by 49 individuals with tetraplegia and nine
caregivers. The results showed that the participants were open to using a robotic arm but none used one at the time
of reporting. The participants reported that a robotic arm should assist in unilateral activities such as reaching,
grasping, handling objects and body manipulation. The greatest need was reported for functions related to object
manipulation and for contact with the person’s body. The participants reported wanting control over the robotic arm
via voice commands or with a joystick. Concerns were reported regarding costs, the weight and the space required
for the robotic arm.

Conclusions In our study, individuals with tetraplegia reported that they would use assistive robotic arms for activi-
ties related to reaching, grasping, and object manipulation. Concerns regarding costs, weight and space require-
ments were reported. Our findings provide insights from a user perspective, informing future technical developments
relevant to the tetraplegic population. However, generalizability might be reduced.
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Background

Activities of daily living (ADL), such as participation in
sports, working, or grocery shopping pose significant
challenges for individuals with physical impairments
and patients with neuromuscular damage. With 0.9 mil-
lion incidents and 20.6 million prevalent cases globally
reported in 2014, spinal cord injuries (SCI) are a substan-
tial contributor to physical disabilities [1]. SCI refers to
traumatic or non-traumatic damage to the spinal cord
[2], resulting in sensory, motor, and autonomic dysfunc-
tion below the level of lesion [3]. Damage to the cervical
spinal cord leads to tetraplegia and can cause a partial or
total loss of sensory and/or motor functions of the four
limbs and the torso [4]. Restoring arm and hand func-
tion is reported to be the most important by individuals
with tetraplegia, as even partial arm and hand function
has a strong impact on independence [5]. Previous stud-
ies have demonstrated that increased independence con-
tributes to improving the quality of life of individuals
with tetraplegia [6, 7]. In a previous study, a total of 77%
of the individuals with tetraplegia expected a substan-
tial improvement in their quality of life with better hand
function [8].

The loss of autonomy can lead to an increased level
of psychological stress [9]. Caregivers are also suscepti-
ble to developing mental health disorders, as Keihanian
et al. [10] reported that SCI-caregivers are at greater risk
of developing physical or mental conditions or facing
social challenges than caregivers of individuals with other
chronic illnesses. This burden on caregivers significantly
influences their quality of life [11].

Assistive technologies (AT), among other aids, can
significantly enhance the lives of individuals with physi-
cal impairments, promoting their equal participation in
society [12]. AT is defined as a semi-autonomous or fully
autonomous unit that can take over human tasks [13].
AT promote participation, independence, self-esteem,
and overall satisfaction after a SCI [14]. Individuals with
tetraplegia who utilize AT in ADL appreciate the auton-
omy and spontaneity provided by these technologies,
enabling them to engage in meaningful activities [15-17].
Readioff et al. [18] categorized AT into five groups: neu-
roprostheses, orthotic devices, hybrid systems, robots,
and arm supports. The choice of AT depends on a vari-
ety of factors, e.g., the degree of the condition and related
impairments or environmental and personal factors
such as age and fitness [19]. Robots are non-invasive AT
devices that generate functional movements without the
need for users to have any residual motor function [20].
Assistive robotic devices, such as robotic arms mounted
on wheelchairs, have the potential to facilitate daily life
and reduce the need for external assistance [21]. The
development and use of an assistive robot in the daily
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lives of individuals with tetraplegia are relatively new.
[22] The implementation of assistive technologies in
everyday life is challenging, as most existing devices are
too expensive, impractical, and fail to meet the needs of
individuals with tetraplegia and their families [23, 24]. In
a recent study, it was found that controlling an assistive
robot with six degrees of freedom (DoF) through a two-
axis joystick and many different control modes appears to
be a cognitive challenge, that requires a large amount of
time to perform ADL [24]. This may be why the use of
robotic arms for tetraplegia is mainly limited to rehabili-
tation and therapy purposes [18].

Literature shows that individuals with physical impair-
ments can significantly contribute to the improvement of
research quality [25]. Through user-centered design, we
can develop assistive technologies for the upper extrem-
ity that truly meet the needs of individuals with tetra-
plegia by understanding their challenges, expectations,
and preferences. A co-design approach would also allow
a reduction in the rate of technology abandonment and
user frustration [26—29].

There is limited available data assessing the needs of
individuals with tetraplegia and of their caregivers in
relation to robotic arms. Therefore, the aim of this study
was to identify the needs and expectations of individuals
with tetraplegia and their caregivers regarding an assis-
tive robotic arm for performing ADLs, to support a user-
centered development approach. We hypothesized that
a robotic arm should primarily take over activities that
occur several times throughout the day.

Methods

For the reporting of the results of the surveys, the
Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) guidelines [30] for cross-
sectional studies as well as the Checklist for Reporting
Results of Internet E-Surveys (CHERRIES) checklist [31]
were followed (Additional files 1 and 2).

Overall design
The study was approved by the ethics committee of Bern,
Switzerland (KEK-No. Req-2022-01492) and was con-
ducted in accordance with the declaration of Helsinki and
the European Code of Conduct for Research Integrity.
This study used a mixed-method approach [32]. A
semi-structured focus group interview was followed by
two online surveys consisting of qualitative and quanti-
tative questions (explanatory sequential design, open-
ended questions, and questions with scales ranging from
1 to 10) [33, 34]. One survey was aimed at individuals
with tetraplegia and the other at caregivers. Qualita-
tive research was conducted first to explore unknown
variables and gain deeper insights, ensuring that the
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subsequent quantitative research was grounded in rel-
evant findings.

Focus group interview
Procedure
The focus group interview was performed in a semi-
structured manner. A set of initial questions (Addi-
tional file 3) based on Schulz et al. [35] were developed
and the question-guide was divided into three thematic
areas. The first thematic area, formulated based on litera-
ture research and discussions within the research team,
aimed to capture participants’ general experiences with
AT. The second addressed the current research questions
(i.e., expectations on AT). The third thematic area evalu-
ated quality and suitability of pre-formulated questions
for the online survey. The focus group interview was
conducted online in Swiss German via Microsoft Teams
(MS-Teams) on March 7, 2023, and video and audio
were recorded. At the beginning of the interview, online
ground rules and time plan were explained. Then, the dif-
ferent participants were asked to introduce themselves by
name and role. The interview was conducted by a mem-
ber of the research group, while another noted keywords
in a cloud-based notebook to document the discussion.
To ensure quality and objectivity, a summary was sent to
the participants to check for completeness and accuracy.
The recordings were transferred to a secure server of
the research institute, which was only accessible by the
members of the research team. MS Teams recordings
were deleted after the data transfer.

Sampling and recruitment
To enable optimal dynamics of the focus group with dif-
ferent perspectives and to ensure sufficient heterogene-
ity, the following groups were invited to participate: [1]
individuals with tetraplegia, [2] caregivers, [3] physi-
otherapists, [4] engineers. All participants were recruited
through the professional network of the authors via
word-of-mouth. The participants were invited based
on their expertise and expected specialist knowledge or
experience. Interested people were required to under-
stand and speak German and be at least 18 years old to
participate.

Written consent was obtained from all participants
agreeing to the purpose and terms of the investigation as
well as to the associated potential risks and benefits.

Qualitative Data Analysis

The interview recording was transcribed manually by
a research team member. The concept of 'Focus Group
lustration Maps’ (FIM) described by Pelz et al. [37] was
used for the qualitative data analysis of the focus group
interview. FIM is part of the content analytical methods
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and describes the visual presentation of results from
focus group interviews. For the visualization and pres-
entation of the FIM, the software Inspiration® (version
10, TechEdology ®, UK) was used to highlight individual
aspects, core themes, and statements [37]. The recorded
interview and the keywords documented in the cloud-
based notebook were examined for this purpose. Firstly,
categories were constructed. Afterwards, the transcribed
interview sections were coded and assigned to the con-
structed categories. An inductive approach was used.
Color codes were used for each participant, allowing to
keep track of what was said by whom. In favor of clarity
and readability, multiple FIMs can initially be created and
later consolidated into one [37]. Due to satisfactory clar-
ity (focused discussion themes, only minimal overlaps
between different topics, and relatively small number of
participants), only one FIM was generated following the
interview analysis. All qualitative results (the results of
the focus group interview and additionally the qualitative
results of the surveys, described in 2.3) were analyzed
following the process described by Kuckartz [38]. Initial
categories were constructed based on the International
Classification of Functioning, Disability, and Health
(ICF) in a deductive, top-down approach. In the ICF
model, the functioning of an individual was considered
a result of an interaction between the individual’s health
condition and personal attributes as well as contextual/
environmental factors [39]. The results were coded and
analyzed individually by three members of the research
team with expertise in health sciences to enhance inter-
subjective comprehensibility. To identify necessary and
useful functions for the robotic arm, new categories were
constructed through inductive reasoning, and all codes
were redistributed. The formation of these categories was
a consensus-based decision-making process, performed
by three members of the research team, two with exper-
tise in health sciences and one engineer, and they did not
participate in the focus group.

Surveys

Procedure

The survey data were collected and managed using
LimeSurvey® (version 2.56.1). LimeSurvey© is open
source and is operated on the research institution’s
server. No personally identifiable data or IP addresses
were collected, and no cookies were used. Two online
self-administered surveys were developed, one for indi-
viduals with tetraplegia and one for caregivers. Due to
the lack of existing surveys on the needs of individu-
als with tetraplegia regarding a robotic arm, the sur-
veys were constructed based on the results of the focus
interviews and the Assessment of Life Habits (Life-H)
3.0 Questionnaire. The Life-H questionnaire evaluates
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the quality of social participation among individuals
with disabilities by assessing how an individual performs
activities of daily living and fulfills social roles [40]. Since
the Life-H questionnaire did not cover all areas relevant
to the research question, it was supplemented through
discussions within the research team. The core project
team has expertise in physiotherapy, movement science,
and engineering.

The online surveys were not password-protected—and
included closed questions (Likert-type items with a scale
from 1 to 10, single-choice, and multiple-choice) along
with open questions for comments. Each item provided a
non-response option. The surveys, designed for individu-
als with tetraplegia and caregivers, could only be submit-
ted after answering the question regarding their level of
injury or, for caregivers, the level of injury of the individ-
ual they care for. Adaptive questioning (branching logic)
was used to reduce the number and complexity of the
questions depending on the participant’s answers. Thus,
the number of questions varied among the respondents.
The questionnaire for individuals with tetraplegia con-
tained between 30 and 50 items, while the questionnaire
for caregivers ranged from 26 to 43 items. Once submit-
ted, the responses could not be modified. It was tech-
nically impossible to do a completeness check before
submitting.

The first pretest of the survey for individuals with tetra-
plegia was performed by two individuals with tetraplegia
and two experts in neurological physiotherapy, while the
survey for caregivers was evaluated by three caregivers
and one engineer, who were not involved in the focus
group interview. Relevance of the questions’ content and
comprehensibility were evaluated using Likert-type items
with a four-point scale (-, —,+,++), with the option
to provide comments. The questions were modified if
rated as a — or a — on the scale for either relevance or for
comprehensibility.

After the first revision, both surveys were subjected
to a second pretest by two experts in human movement
science, one individual with tetraplegia, and an engineer,
who were not involved in the focus group. To include
as many points of view as possible, the assessors varied
between the first and the second pretest. The evaluation
criteria remained consistent. All assessors independently
filled out evaluation sheets, and all were in favor of the
survey, indicating unanimous agreement that each item
was relevant, and the wording was appropriate. Prior to
fielding the questionnaire, the functionality of the online
survey was tested by members of the research group.

The final survey started with an introductory sec-
tion, where participants were informed about the aim
of the study, what robotic arms are, the estimated time
required for completion of the survey, the name of the

(2025) 22:113

Page 4 of 16

investigators, data usage, and their rights. Consent was
obtained by participants clicking the corresponding but-
ton on the page. The introductory section was followed
by three sections with questions to be answered: [1]
inquiries pertaining to the individual such as personal
data and physical abilities, [2] inquiries concerning the
related wheelchair, and [3] inquiries related to the robotic
arm (experiences, perspectives, benefits, and barriers).
In addition to the quantitative aspects of the surveys,
the areas, and activities in which individuals with tetra-
plegia experience limitations and barriers in their daily
lives (without the use of AT), and the areas, and activities
in which there is a need for a robotic arm were assessed
with open questions.

For several categorial questions, multiple answers were
possible and were marked with an asterisk (*) in Tables 2,
3 and 5. The surveys were accessible online from August
14 to November 30, 2023.

With the use of a translation software (DeepL, DEEPL
SE, GERMANY) both surveys were translated from Ger-
man to English for this publication. The original versions
and both translations are provided (Additional files 4 and
5).

Sampling and recruitment

Individuals with tetraplegia who had complete or incom-
plete motor and/or sensory paralysis and actively use a
wheelchair in daily life were eligible for one of the sur-
veys. There were no restrictions for participation in
terms of severity of the lesion. Individuals who care for
wheelchair-dependent individuals with tetraplegia in
their daily lives were eligible to complete the other sur-
vey. An understanding of the German language was
another inclusion criterion. The chain-referral sampling
technique was used for recruitment. This technique was
chosen as it was the most appropriate for the recruitment
of participants given the limited number of individuals
meeting the inclusion criteria. The survey invitation, the
inclusion criteria for individuals with tetraplegia and car-
egivers, and the survey-link were spread with flyers and
online via email, social media, and on the website of the
research institute. Flyers and emails were sent to various
associations, groups, and organizations for individuals
with a disability. In addition, the study information was
sent to all major clinics and physiotherapy/medical prac-
tices in German-speaking regions that treat individuals
with tetraplegia.

Statistical analysis

As each survey question was analyzed individually, all
responses were included in the analysis regardless of
missing data. Missing data were present, partly due to the
branched survey design, causing the number of responses
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per item to vary. The data were descriptively analyzed
using R software (version 2023.09.1).

The outcomes were expressed in terms of frequencies
and percentages for categorical data. For ordinal data
(10-point Likert-type items), the median and the inter-
quartile range (IQR) were calculated to state central
tendency and spread [41]. Furthermore, a frequency dis-
tribution was computed to display the number of obser-
vations in each category.

Questions using a Likert-type item were included in the
final analysis and discussion if the responses’ median was
equal to or larger than 6. Qualitive data were analyzed as
previously described in Sect. "Focus group interview".
The limitation in ADLs of individuals with tetraplegia as
well as their needs regarding a robotic arm were further
analyzed in subgroups (C5 and below versus above C5) to
gather more detailed information.

Results

Focus group interview

The focus group interview took 2 h and 30 min. A total
of seven participants joined the focus group interview.
The group consisted of two individuals with tetraplegia
(T1 and T2), two caregivers (C1 and C2), two physio-
therapists (PT1 and PT2) and one engineer (E1). There

Table 1 Sample characteristics of the focus group participants
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were personal relationships between some of the par-
ticipants as C1 was the brother of T1 and C2 was the
daughter of T2. The self-reported sample characteris-
tics can be found in Table 1.

Experiences with AT in general

Both participants with tetraplegia in the focus group
interview reported using electric wheelchairs as AT in
their daily lives. T1 reported that their chin controls
their electric wheelchair, while T2 uses a hand joystick.
To facilitate their daily activities in their home environ-
ment, they reported having technologies such as auto-
matic door openers (T1 and T2), window openers (T1),
and television control systems (T1 and T2), which are
operated by voice commands or with the touchscreen
on their mobile phones (T1 and T2). The lack of fur-
ther AT usage was reported from two primary factors:
first, T1 and T2 have not recognized the need for addi-
tional AT and second, this reluctance is influenced by
the unclear descriptions and complexity of AT (C2). C2
said, “We are always looking for solutions to a prob-
lem... or have to solve problems..” If AT could solve
these problems, they would consider AT as a solution
(C2 and T2).

Individual Characteristics

T1 + Male
67 years old

+ SCl at the level of C3 (AIS B, complete motor and incomplete sensory paralysis)

« Traumatic SC1 2018

T2 - Female
62 years old

+ SCl at the level of C4 (AIS A, complete motor and sensory paralysis)

« Traumatic SCI 2009

C1 - Male
63 years old

- Caring for an individual with a severe contusion at the level of C3/C4 and a blood clot at the level of C2 (AIS C, incomplete

motor and sensory paralysis)

2 - Female
37 yearsold

- Caring for an individual with an SCI at the level of C4/C5 (AIS A, complete motor and sensory paralysis)

PT1 - Female
+ 40 years old

- Professional experience for 16 years in the field of neurology
- No professional or personal experience with AT outside this research project

PT2 - Female
+ 29 years old

- Professional experience for 5 years in the field of neurology
« No professional or personal experience with AT outside this research project

E1l - Female
« 26 years old
« Educated in biomedical engineering

- Professional experience for 1 year in the field of AT development (electrical engineer with a specialization in pressure sensing)

AlS=American Spinal Impairment Scale [36]; AT = assistive technologies; T= individual with tetraplegia; C= caregiver; PT= physiotherapist; E=engineer
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Expectations on a robotic arm

Four participants reported that they expect the robotic
arm to undertake tasks that occur repeatedly throughout
the day, such as adjusting optical glasses, scratching their
head, bringing coffee (T1, T2, C1, C2), combing hair,
and retrieving an item or clothing from the wardrobe
(T2, C2). Additionally, a robotic arm is expected to assist
with tasks that T1 and T2 preferred not to request help
for repeatedly, including turning newspaper pages, nose
blowing (T1, C1), dressing (T2, C2), picking up objects
from the floor, and turning devices on or off (T1, T2, C1,
C2). Therefore, it was concluded that the robotic arm is
expected to perform mostly unilateral tasks (PT1). Since
T2 reported to spend several hours alone each day and
is not able to independently empty the urine bag of the
permanent catheter, this also would be a useful function
for T2. T1 and T2 have encountered issues with the pre-
existing AT (e.g., automatic door opening), finding that
it did not work as expected due to a technology-related
problem. Therefore, the participants in the interview
expressed a desire for a robotic arm to also take over the
tasks currently performed by other AT if they malfunc-
tion. To implement all the aforementioned functions,
participants envisioned an autonomous robotic arm with
a gripper, operable through speech (T1, T2), a joystick
with chin control (T1), and/or a touchscreen (T2).

Functions with low relevance

The participants expressed that time-saving functions
were not a high priority, whereas the quality of task
execution was. T1 expressed, “time is not a concern” to
which T2 reinforced with the statement, “we have prac-
ticed patience” Due to fewer self-reported motor limita-
tions, T2 reported being able to perform certain tasks
independently (brushing teeth, eating) or with slight
assistance (dressing). Therefore, T2, reported no need
for the robotic arm to perform these functions. However,
T1 also stated that the robotic arm should not take over
complex and bimanual tasks (eating, personal hygiene,
dressing). This view was shared between C1, C2 as well as
PT1. Participants reported that planned tasks (personal
hygiene, brushing teeth, eating) that occur at the same
time every day should not be taken over by a robotic arm.
The reasons included: C1 and C2 reported being happy
to help, that these tasks were well-organized, and it was
presumed that the quality of a robot is not comparable to
that of a human (T1, T2, C1, C2). In this context, quality
referred to the lack of fine motor skills and sensitivity in a
robotic arm, as well as the absence of human interaction,
which are crucial for tasks like feeding, where a human
would naturally combine food components with care and
consideration.
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Summary

The focus group interview revealed that both, individuals
with tetraplegia and their caregivers have needs in rela-
tion to a robotic arm for grasping and reaching as well
as for handling objects. Manipulation of one’s own body
was particularly desired during fine motor activities such
as scratching the head, adjusting optical glasses, or nose
blowing.

Survey of individuals with tetraplegia

A total of 74 individuals with tetraplegia accessed the
online survey, and a total of 49 individuals with tetraple-
gia completed the survey. The completion rate, therefore,
was 0.7. It was technically not possible to determine a
unique site visitor.

The majority of the 49 individuals with tetraplegia were
male with a mean age of 45.0+15.7 years (meanzSD).
Fourteen participants had an injury at C4 or higher. The
most prevalent level of paralysis was at C5. Most par-
ticipants did not require artificial ventilation (73.5%).
Furthermore, 26 of the participants reported having
a complete paralysis. The participants reported pain
(38.8%), spasticity (42.9%), altered joint mobility (44.9%),
altered sensibility (57.1%) or reduced strength (81.6%).
They reported a mean remaining strength of 47.1% and of
46.7% in their left arm and their right arm, respectively.
Table 2 illustrates the sample characteristics of individu-
als with tetraplegia who completed the survey.

Type and control mechanisms of wheelchairs

Most participants reported owning a manual wheel-
chair. A large proportion of participants who owned
more than one type of wheelchair used their manual
wheelchair most often. This choice was motivated by
the desire to preserve personal strength and self-esteem.
Practical considerations, such as its compact design and
lightweight nature also influenced their decision. How-
ever, for longer distances and outdoor use, some of the
participants employed power assist wheels to facilitate
independent mobility. Power assist wheels provide a con-
sistent level of assistance every time the individual with
tetraplegia applies sufficient force [42]. Participants used
electric wheelchairs for reasons including: emphasizing
independence, mobility, and participation. Participants
with electric wheelchairs, reported controlling them by
hand with a joystick, by chin with a joystick, by sip and
puff, or with the tongue. The descriptive analysis of ques-
tions regarding the type and control mechanisms of the
wheelchairs of the participants with tetraplegia can be
found in Table 3. Participants reported facing challenges
with the width of their wheelchairs in everyday situa-
tions such as passing through a door, using an elevator,
or shopping. More than half (52.2%) of the participants
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Table 2 Sample characteristics of individuals with tetraplegia who completed the survey
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Characteristic Value Occurrence n (%)
Gender (respondents=49) Male 29 (59.2%)
Female 19 (38.8%)
Diverse 1(2.0%)
Age (years) (respondents =49) Mean 45.0
SD 15.7
Min 12
Max 74
Level of injury (respondents =49) 1 2 (4.1%)
() 4 (8.2%)
c3 4 (8.2%)
C4 4 (8.2%)
5 14 (28.6%)
(@) 8(16.3%)
7 3(6.1%)
(@] 1 (2.0%)
TH1 2 (4.1%)
No answer/ unknown 7 (14.3%)
Completeness of the lesion (respondents=49) 1 50% complete,
() 50% incomplete
c3 75% complete,
C4 25% incomplete
C5 75% complete,
c6 25% incomplete
c7 100% incomplete
(@] 79% complete,
TH1 21% incomplete

Symptoms in arm, hand and shoulder (respondents=49)*

Remaining strength (respondents =49)

No answer/ unknown
In total:

75% complete,
25% incomplete

Complete 67% complete,
Incomplete 33% incomplete
Unknown 100% incomplete
100% incomplete
100% incomplete,
1 unknown
26 (53.1%)
22 (44.9%)
1(2.0%)
Pain 19 (38.8%)
Spasticity 21 (42.9%)
Altered joint mobility 22 (44.9%)
Reduced strength 40 (81.6%)
Altered sensibility 28 (57.1%)
None 2 (4.1%)

Left arm: mean (+SD)

47.1% (+34.7%

)
Right arm: mean (£ SD) 46.7% (£ 34.3%)
Left hand: mean (+SD) 22.3% (+31.4%)
Right hand: mean (£ SD) 23.8% (+30.7%)

*Indicates that multiple answers were possible

would not like their wheelchair to be widened by an AT
more than 5 cm.

Use of a robotic arm

When asked about previous use of a robotic arm, 31 out
of 33 participants, who answered this question, stated
that they had never used one before. The main reason
was that participants did not know that robotic arms
existed or did not have enough information about their

capabilities. Other frequently mentioned reasons were
impracticality, costs, and time expenditure. However,
participants saw potential in using a robotic arm for their
ADL (median 6, IQR 4.3). Regarding Life-H, participants
considered the use of a robotic arm particularly mean-
ingful for ensuring nutrition (median 7, IQR 8). Regard-
ing nutrition, the desire for assistance from the robotic
arm was found to be highest for going into a supermar-
ket (median 7.5, IQR 4.3) and for drinking (median=7.5,
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Table 3 Descriptive analysis regarding the wheelchair of survey participants with tetraplegia

Characteristic Value Occurrence n (%)
Type of wheelchair owned (respondents =46)* Manual 26 (56.5%)
Electric 17 (37.0%)
Power assist wheels 16 (34.8%)
Other:
- E-fix 2 (4.3%)
- Swiss Trac 1(2.2%)
- Standing wheelchair 1(2.2%)
- Push wheelchair with motor 1(2.2%)
Preference when owning several types of wheelchairs (respondents =46) Manual 21 (45.7%)
Electric 15 (32.6%)
Power assist wheels 10 (21.7%)
Control of the electric wheelchair (respondents=17) * Hand with a joystick 9 (52.9%)
Chin with a joystick 6 (35.3%)
Eye movements 0
Sip and puff 1 (5.9%)
Head movements 0
Tongue 1 (5.9%)
Brain-computer-interface 0
Voice 0
Touchscreen 0
Other:
+No independent control 1 (5.9%)

*Indicates that multiple answers were possible

IQR 2.8). Preparing cold (median 7, IQR 3) and warm
meals (median 7, IQR 4.5), eating (median 7, IQR 4.5)
and preparing cold (median 7, IQR 3.5) and warm drinks
(median 6.5, IQR 2.5) also seemed to be important.

The limitations/ barriers in the daily life of individuals
with tetraplegia (without the use of AT) and their needs
regarding a robotic arm were evaluated according to ICF
and compared in Fig. 1. All respondents’ answers were
assigned to ICF Part 1 (functioning and disability). Very
few mentioned needs relating to the robotic arm were
assigned directly to the body function and structure ICF-
component. These needs are not directly relevant to the
potential development of a robotic arm because they do
not provide sufficient detail on how such an arm could
assist users or specify the necessary functions. Therefore,
they were analyzed in summary form. For the activities
and participation ICF-component, the answers were
assigned to eight categories and were analyzed separately
regarding limitations and needs. It was found that most
limitations and barriers, as well as most needs, exist in
the ICF-categories of mobility (i.e., changing/maintaining
body position, carrying, moving, and handling objects,
walking, and moving around) and taking care of oneself
(i.e., washing yourself, caring for your body parts, using
the toilet, dressing yourself, eating and drinking) (see
Fig. 1).

Regarding the demands on the robotic arm, the ICF
categories were not very useful because they do not
describe the requirements of a robotic arm. Thus, the
research group decided to build a new set of categories
focusing more on the type of movement rather than
the section of ADL. Four action categories were identi-
fied: reach and grasp, mobility/ locomotion, handling of
objects, and manipulation of the own body. In this con-
text, manipulation of the own body refers to any activity
in which actions are performed on one’s own body. The
most frequently mentioned activities included scratch-
ing, personal care, brushing teeth, combing hair, and
bladder and bowel emptying.

Different filters and corresponding subdivisions (see
Table 4) were established by the research team to analyze
the requirements for a robotic arm from multiple per-
spectives. These filters helped to evaluate functions and
performance criteria.

The largest differences between limitations (in the daily
life of individuals with tetraplegia without the use of AT)
and needs were assigned to the action categories mobil-
ity (limitation n=37, need n=6) and in the manipula-
tion of the own body (limitation n=23, need n=12).
Most limitations in ADLs were assigned to the handling
of objects (n=54; cutting food, preparing food, dress-
ing/undressing) and mobility (n=37; transfer, moving
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Fig. 1 Analysis of statements on ADL limitations and needs regarding a robotic arm framed within ICF
Table 4 Filters used for analysis
Reach1a9r:/¢: grasp:

Filter Subdivisions

Pick and Place
Transport
Contact/Touch
Manipulation

Robotic Function

Bimanual movement
Unilateral movement

Number of hands needed

Interaction Improvement of autonomy
Interpersonal activity

Task significance Mandatory
Beneficial
Luxury

Motor Skill Gross motor skill
Fine motor skill
Task complexity Easy
Medium
Complex

around, propelling a wheelchair). Most needs regarding a
robotic arm existed in handling of objects (n=49; eating,
drinking, opening the door) and reach and grasp (n=34;
grasping, picking things up (from the floor), fixing/hold-
ing on to something). The limitations/barriers (without
the use of AT) in ADL (n=140) and needs regarding a
robotic arm (n=101) per action category are graphically
shown in Fig. 2 and Fig. 3, respectively.

In a subgroup analysis, the results were analyzed sepa-
rately for individuals with a self-reported level of injury
above C5 and for a level of injury of C5 and below. This

Mobility:26% il

Manipulation of
own body: 16%

Handling of
objects: 39%

Fig. 2 Percentage of participants with tetraplegia reporting each
specific limitation in their daily lives per action category

Mobility:
6%

Reach and grasp:
34%

Handling of
objects:
48%

Manipulation of
own body:
12%
Fig. 3 Percentage of participants with tetraplegia reporting each
need for a robotic arm
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36%

Fig. 4 Subgroup analysis of the limitations in ADLs of individuals with a level of injury of C5 and below (a) and of above C5 (b)

Mobility: 5%
Reach and grasp:
Handling of
objects: 45%
Manipulation of
own body: 3%

Fig.5 Subgroup analysis of the needs regarding a robotic arm of individuals with a level of injury of C5 and below (a

analysis revealed that both subgroups experienced the
most significant limitations in object handling and
mobility, although their specific needs for a robotic arm
differed. Individuals with a level of injury above C5 indi-
cated the greatest needs for a robotic arm in activities
related to handling of objects and for manipulation of
the own body, while individuals with a level of injury of
C5 and below identified the greatest needs for activities
related to reach and grasp and for handling of objects.
More detailed results of the subgroup analysis can be
found in Figs. 4 and 5.

A further evaluation applying the described filters in
Table 4 revealed that most of the limitations and needs
pertain to unimanual and complex activities. In terms of
robotic function, it was found that the greatest needs are
related to the manipulation of objects. Furthermore, the
robotic arm should be able to perform tasks that require
body contact (Fig. 6).

The use of a robotic arm was expected to provide
independence, ease of work, improved mobility, and
enhanced quality of life. Concerns revolved around acqui-
sition and maintenance costs, the weight and the space
requirements. Furthermore, participants expressed a
preference for controlling the robotic arm through voice
commands (57.6%), followed by manual control with a

Reach and grasp:

Mampulahon of
28%
Handlng of

) and of above C5 (b)

Pick & place:

20%
Mampulahon

Bring: 14%

Contact: 32%

Fig. 6 Analysis of needs in context of important robotic functions

joystick (48.5%), a brain-computer interface (39.4%), and
a touch screen (33.3%). Regarding power supply, 59.4%
of the participants were willing to charge the robotic
arm using the battery of their electric wheelchair even
if this reduced the electric wheelchair’s battery quickly.
On average, participants were willing to accept 21.5%
(SD£7.1%) of the electric wheelchair’s battery capacity
to be utilized for the actuation of the robotic arm. Par-
ticipants reported that they wanted the attachment of the
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robotic arm at the back (28.1%) or at the front (25.0%)
of the wheelchair. For 93.8% of the participants, it was
important that the robotic arm can be detached from the
wheelchair. The descriptive analysis of questions regard-
ing the robotic arm can be found in Table 5.

Survey of caregivers
A total of 29 caregivers initiated the survey. Nine caregiv-
ers completed part of the survey, but only four caregivers
answered all questions. The completion rate, therefore,
was 0.1. It was technically not possible to determine a
unique site visitor.

The characteristics of the nine caregivers are presented
in Table 6.

The caregivers reported that most of the individuals for
whom they care, have a manual (66.7%) and/or an electric
wheelchair (66.7%). The electric wheelchair was utilized
more frequently, primarily due to the increased inde-
pendence and mobility it provided. The electric wheel-
chairs are controlled with a joystick by hand or chin. For
three out of six caregivers, the width of the wheelchair of
the individual with tetraplegia posed a challenge, particu-
larly in the context of narrow entrances and doors.

The four caregivers who completed the survey, they
primarily provided support to individuals with tetraple-
gia with nutrition (median 10, IQR 0), housing (median
10, IQR 0.5), mobility (median 10, IQR 1.5), responsibili-
ties (median 10, IQR 2.5), personal hygiene (median 8,
IQR 5), mental and physical well-being (median=38, IQR
2.5), leisure time activities (median 7.5, IQR 7), and com-
munication (median 6.5, IQR 7). The same four caregiv-
ers also expressed a preference for assistance from the
robotic arm in tasks related to nutrition (median 10, IQR
3), personal hygiene (median 10, IQR 5), mental/physi-
cal well-being (median 10, IQR 4.5), housing (median
10, IQR 0.5), mobility (median 10, IQR 1.5), responsibili-
ties (median 10, IQR 2.5), leisure time activities (median
7.5; IQR 7), and communication (median 6.5, IQR 7). For
tasks related to work and education, caregivers did not
express a preference for assistance (median 1, IQR 4.5).

Caregivers reported seeing potential in the use of a
robotic arm (median 9, IQR 3). They expressed their
hope that, with assistance of a robotic arm, the individu-
als with tetraplegia can become more independent and
mobile, that they will require less time for activities, and
that their overall quality of life will improve.

Among caregivers, concerns revolved around acqui-
sition costs (median 10, IQR 9), maintenance costs
(median 10, IQR 0), the controlling mechanism of the
robotic arm (median 10, IQR 9), and its dependence on
power (median 6.5, IQR 5).

The caregivers saw the greatest potential for controlling
a robotic arm by using a joystick with the chin (75.0%),
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by eye movements (75.0%), or with voice commands
(75.0%). In total, three caregivers were willing for the
robotic arm to draw power from the wheelchair, estimat-
ing that 30.0% of the electric wheelchair’s battery charge
could be consumed by the robotic arm. Preferences for
the attachment location were evenly divided, with 50.0%
favoring the right side and 50.0% favoring the left.

Discussion

The aim of the study was to identify the needs and expec-
tations of individuals with tetraplegia and their caregivers
regarding a robotic arm for everyday activities. This was
the first step of a user-centered development approach.
Individuals with tetraplegia identified mobility and self-
care as the primary limitations in their daily lives which
aligns with their expressed expectations regarding
robotic arms. Individuals with tetraplegia envisioned that
the use of an assistive robotic arm would offer the high-
est benefit for activities related to reaching, grasping, and
manipulation/ handling of objects. They also expressed
some relevant concerns about costs, weight, and space
requirements.

In the past, developers have been criticized for primar-
ily designing for able-bodied users while insufficiently
considering the actual needs of those with diverse capa-
bilities [43]. The user-centered design process tries to
address this issue by prioritizing the needs, wants, and
desires of users throughout the design process, guiding
the development of products, systems, or services [44].
This increases the relevance and acceptance and reduces
the risks associated with the use of a product [45]. For the
present study, a mixed-methods approach was pursued.

Needs and expectations regarding a robotic arm

for everyday use

According to ICE, most of the identified needs regarding
a robotic arm appeared to be at the activity and partici-
pation levels. Individuals with tetraplegia reported that
a robotic arm holds the highest potential for support-
ing unilateral movements, including reach and grasp,
handling of objects, and manipulation of the own body.
In the focus group interview, it was mentioned that a
robotic arm should assist with non-foreseeable activi-
ties that occur repeatedly during everyday life such as
straightening glasses, scratching the head, making coffee,
combing the hair, blowing the nose, turning newspaper
pages, and picking up items. For tasks related to eating,
washing, and brushing teeth, assistance by a robotic arm
was not needed. This differs from the results of the sur-
veys for the Individuals with tetraplegia and in the one
for the caregivers, where assistance by a robotic arm in
activities related to nutrition seemed to be very impor-
tant. The caregivers also reported a desire for assistance



Hutmacher et al. Journal of NeuroEngineering and Rehabilitation (2025) 22:113 Page 12 of 16

Table 5 Descriptive analysis regarding a robotic arm of survey participants with tetraplegia

Characteristic Value Occurrence n (%)
Use of a robotic arm (respondents =33) Yes, at the moment 0
Yes, in the past 2 (6.1%) (Both less than 1 day)
Never 31 (93.9%)
Reason for never using a robotic arm (respondents=31) * Costs 8 (25.8%)
Impracticality 9 (29.0%)
Ignorance of existence/ not enough information 14 (45.2%)
Poor functioning 2 (6.5%)
Hard to control 2 (6.5%)
Time consuming 7 (22.6%)
Does not fit on the wheelchair 4(12.9%)
Other:
- No access 1(3.2%)
- Managed without so far 3(9.7%)
- Developed alternatives 1(3.2%)
«They are not good enough 1(3.2%)
« Not interesting 1(3.2%)
Expectations of the robotic arm (respondents=33) * Ease of work 18 (54.5%)
Independence 25 (75.8%)
Gain of time 7 (21.2%)
Less unloved work 10 (30.3%)
Mobility 17 (51.5%)
Participation 10 (30.3%)
Increased quality of life 23 (69.7%)
Nothing 4(12.1%)
Other:
- Dating 1 (3.0%)
« Opening doors 1(3.0%)
Concerns regarding the robotic arm (respondents =32) Acquisition costs Median Min Max IQR
(Likert-Scale 1-10, 1=not at all, 10=extremely) Maintenance costs 8 1 10 5
Weight 6.5 1 10 5
Security 8 1 10 33
Control 5 1 9 33
Space requirements 45 1 10 4
Lack of operator training 8 1 10 35
Aesthetics 25 1 9 4
Performance 5 1 10 5
Dependence on power 55 1 10 43
Loss of physical/ mental capability 5 1 10 43
Other: 1 1 10 >

« Low added value, increase in weight
« Hard to imagine how it should support
+No need

1(3.1%)
1(3.1%)
- Outdoor use is difficult 1 (3'12@
- Emergency stop 1(3.1%)
- Reduction in self-esteem 1(3.1%)
« Don't have it with you when you need it 1(3.1%)
- Unreadable answer 1(3.1%)
-None 1(3.1%)
4 (12.5%)
Control of robotic arm (respondents=33) * Hand with a joystick 16 (48.5%)
Chin with a joystick 6 (18.2%)
Eye movements 7 (21.2%)
Sip and puff 3(9.1%)
Head movements 3(9.1%)
Tongue 2 (6.1%)
Brain-computer-interface 13 (39.4%)
Voice 19 (57.6%)
Touchscreen 11 (33.3%)
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Legend: *Indicates that multiple answers were possible

Table 6 Sample characteristics of caregivers who completed the survey

Characteristic Value Occurrence n (%)
Gender (respondents=9) Male 1(11.1%)
Female 8 (88.9%)
Age (years) (respondents=9) Mean 554
SD 13.7
Min 23
Max 71
Level of the injury of the individual they take care of (respondents=09) (@) 1(11.1%)
a3 2 (22.2%)
c4 3(33.3%)
() 1(11.1%)
No answer/ unknown 2 (22.2%)
Relation to the individual they take care of (respondents=9) Home care nurse 1(11.1%)
Spouse 5 (55.6%)
Parents 2 (22.2%)
Friend 1(11.1%)
Daily hours of caregiving (respondents=9) 5-6 h 2 (22%)
7-8 h 3(33%)
>8h 4 (44%)
Years since caregiving started (respondents=9) <1year 1(11.1%)
1-5 years 3(33.3%)
6-10 years 2 (22.2%)
> 10 years 3(33.3%)
Completeness of paralysis of the individual they take care of (respondents=9) Incomplete 5(55.6%)
Complete 4 (44.4%)

in personal hygiene. The data received from participants
are mostly in line with existing literature that investigated
the needs of individuals with physical disabilities regard-
ing AT in general. Weber-Fiori et al. [13] found that an
assistant robot should perform tasks such as picking up
objects from the floor, transporting objects and switching
appliances on and off. Jarddén et al. [46] and Andreasen
Struijk et al. [47] state that plannable tasks such as eve-
ryday hygiene, eating and drinking should be carried out
by the AT.

In terms of control preferences, individuals with tetra-
plegia (in both the focus group interview and the sur-
vey) reported priority for controlling the robotic arm by
using voice commands. In a recent study, Battacharjee
et al. [48] evaluated participants’ user interface prefer-
ence during dining and found, that the preferred control
modality depended on the context. The participants pre-
ferred voice interface for individual dining, while a web-
interface for social dining scenarios was chosen. Of note,
in our online survey, the ten presented input modalities
were not explained, potentially leading to varied interpre-
tations based on each participant’s technical expertise,
previous experience, and personal preferences. For exam-
ple, a voice interface could issue low-level commands

such as “move forward” or “close gripper” or higher-level
commands such as "I would like to drink a glass of orange
juice”, which would then have to be interpreted and exe-
cuted accordingly by the AT. This spectrum of command
complexity highlights the need to determine the optimal
level of autonomy for such systems.

The desired level of autonomy was investigated in a
recent study by Battacharjee et al. [48], where a Jaco®
robot arm (Kinova ® Canada), was mounted on a wheel-
chair to serve as a robot-assisted feeding system. They
used a web-based interface to control the robotic arm.
The study found that low autonomy of the robot requires
more effort from the individuals with motor impairments
compared to when the robot is fully autonomous. Partial
autonomy did not reduce the effort, so participants did
not favor a robot with partial autonomy over one with
low autonomy. In low autonomy mode, the user selects
the food item and decides all key actions, such as the
method for skewering the food and the feeding strategy,
while the robot merely executes these chosen actions.
In contrast, the partial autonomy mode allows the robot
to autonomously manage one of the three phases: bite
acquisition, timing decision, or bite transfer, while the
user retains control over the remaining non-automated
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phases. However, complete manual control, where each
individual movement of the robot arm is commanded by
the individual with tetraplegia, is considered impracti-
cal [48]. A software architecture proposed by Styler et al.
[24] enables continuous adaptation across the robot arm’s
autonomy levels and functions, ensuring that it aligns
with the complexity of the task.

Concerns about a robotic arm for everyday use
Acquisition and maintenance costs were reported as
the most important barriers for use of a robotic arm by
individuals who completed the survey. Indeed, research
also reported cost as a potential barrier [49] or as the
most important barrier to AT [50]. Furthermore, in a
recent scoping review, barriers to AT use were found in
three areas: accessibility, affordability, and acceptability
[51]. In the present study, individuals with tetraplegia
were additionally concerned about the weight and space
requirement, while the caregivers worried about the con-
trol options of the robotic arm. Another reason for the
non-use of AT/robotic arms was the fear that AT might
be too slow as reported by Correal et al. [52]. However,
this statement contradicts our findings from the focus
group interview as well as the results from the studies by
Gopinath et al. [53] and Matsiko [54], where it was con-
cluded, that time-saving functions were not a high pri-
ority, whereas the quality of task execution was. In the
present study, caregivers placed more emphases on time-
saving potential of a robotic arm, whereas for individuals
with tetraplegia, the ability to perform certain activities
again was more important, regardless of how much time
they needed.

Limitations of the study and future work

The mixed methods approach with an explanatory
sequential design was a major strength of the study.
According to Creswell and Plano Clark [33] this design
is typically characterized by a quantitative data collection
phase followed by a qualitative phase. However, due to
the research question and the limited literature available
on this topic, it was decided to conduct the qualitative
study first. This approach allowed to gain a deeper under-
standing of the subject and formulating more appropri-
ate questions for the online survey. However, a limitation
was that the developed questionnaire was only partially
validated. In future studies, it is recommended to use a
fully validated questionnaire to improve the significance
of the data.

The present study had some more limitations. While
49 individuals with tetraplegia were successfully
recruited through the chain-referral sampling tech-
nique, only nine caregivers participated in the survey,
which limits the meaningfulness of our conclusions.
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This discrepancy could be explained by research show-
ing that individuals are more likely to engage in a study
when the research topic is personally relevant [43].
While we have succeeded in involving those directly
impacted, it is important to include their caregivers to
enable a comprehensive user-centered approach in the
development of new technologies.

Another limitation is that the needs were not ana-
lyzed based on the exact level of lesion or the self-
reported extent of impairments (complete versus
incomplete SCI) and the corresponding functional con-
sequences. Individuals with different lesion levels or
with a different extend of paralysis may have different
needs regarding a robotic arm. To have better under-
stood the study results, information on the movement
restriction of the survey participants could also have
been collected. The questionnaire could have benefited
from including more specific inquiries about functional
abilities rather than solely asking about remaining
strength in different body parts. Furthermore, the time
since injury was not assessed which may be significant
since priorities for assistive robotic arms change as
more time passes post injury.

Only German speaking individuals were included
in the study, which may have limited the inclusion of
individuals from other countries and different needs,
whether due to cultural reasons or differences in health-
care systems. Consequently, our finding should not be
generalized. In the International Surveillance Study of
Bourguignon et al. [55], the total mean age of individu-
als with SCI found was 47.2 years. Additionally, accord-
ing to the National Spinal Cord Injury Statistical Center
[56], 45.6% of the participants in the database had a cer-
vical injury, with levels of C4 (15.7%), C5 (15.0%), C6
(10.0%), or C7 (4.9%). The participants of the surveys
were recruited using a chain-referral sampling technique.
Chain-referral samples can introduce a sampling bias and
thus do not permit generalizations [57]. Furthermore, the
recruitment method for the focus group could be biased
as the individuals were recruited via word-of-mouth. This
method may have introduced selection bias by drawing
from similar networks. In future studies, these factors
should be accounted for to better understand the specific
needs of different tetraplegic subgroups.

The current study’s data provide important information
that can be incorporated into the further development
process of ATs. Future studies could consider the level of
lesion or extend of impairment in individuals with tetra-
plegia to better understand specific injury-related needs.
Building on the needs and preferences of both individuals
with tetraplegia and caregivers, the next step would be to
develop detailed concepts and system requirements for a
robotic arm.
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Conclusion

In this paper, we presented the development and results
of a comprehensive online survey, preceded by a focus
group, that assessed the needs and expectations of indi-
viduals with tetraplegia and of caregivers regarding the
use of a robotic arm for everyday activities. None of the
participants used a robotic arm at the time of data col-
lection. Individuals with tetraplegia, that joined the
focus group interview as well as the survey participants
reported, that they would use an assistive robotic arm
for activities related to reaching and grasping (34% of
the survey participants), and manipulation/ handling of
objects (48% of the survey participants). It was reported
that a robotic arm should assist with non-foreseeable
activities that occur repeatedly during everyday life, such
as straightening optical glasses, scratching the head,
blowing the nose, and picking up items. Both individuals
with tetraplegia that joined the focus group interview as
well as 57.6% of the survey participants reported prior-
ity for using voice command to control the robotic arm.
Concerns about costs, weight, and space requirements
were expressed. Individuals with tetraplegia identified
mobility and self-care as the primary limitations in their
daily lives, aligning with their expectations that an assis-
tive robotic arm would enhance autonomy and quality
of life. Our findings provide user-driven insight into the
requirements for assistive robotic arms, paving the way
for future technical implementations that address the
needs of the tetraplegic population and their caregivers.

Abbreviations

ADL  Activities of daily living

AT Assistive technologies

DoF  Degrees of freedom

FIM  Focus Group lllustration Maps
IQR  Interquartile range

Scl Spinal cord injury

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512984-025-01642-8.

Additional file1 (DOC 109 KB)
Additional file2 (DOCX 31 KB)
Additional file3 (DOCX 29 KB)
Additional file4 (DOCX 76 KB)
Additional file5 (DOCX 73 KB)

Acknowledgements

Many thanks to the participants of the online survey, to all persons involved in
the validation processes and to all institutions, organizations, and associations
that gave support in the recruitment of participants.

Author contributions

Study conception and design: AB, PE, G.G, RR, N.L, AM.R; creation of the online
survey: N.H, A.B, PE, GG, RR, N.L, AMR; focus group interview: A.B, V.S; recruit-
ment: N.H, AB, PE, GG, N.L, AMR; analysis and interpretation of results: N.H,

(2025) 22:113

Page 150f 16

AM.R; draft manuscript preparation: N.H., V.S, RR., AM.R. All authors reviewed
the results and approved the final version of the manuscript.

Funding
The project was financially supported by the Swiss Paraplegic Foundation
(Foko_2022_05).

Availability of data and materials
The data generated is available from the corresponding author on reasonable
request.

Declarations

Ethics approval and consent to participate

The study had been approved by the competent ethics committee (KEK-No.
Req-2022-01492). We certify that all applicable institutional and governmental
regulations concerning the ethical use of data of human volunteers were
followed during this research. Participation in the study was voluntary and no
disadvantages arose from non-participation or withdrawal from the study. No
incentives were offered for participation. The participants were guaranteed
permanent anonymity.

Consent for publication
All authors have given consent for publication.

Competing interests
The authors declare no competing interests.

Author details

'School of Health Professions, Division of Physiotherapy, Bern University

of Applied Sciences, Bern, Switzerland. ?Department Engineering and Informa-
tion Technology, Institute for Human Centered Engineering, Bern University

of Applied Sciences, Bern, Switzerland.

Received: 16 July 2024 Accepted: 2 May 2025
Published online: 20 May 2025

References

1. Ding W, Hu S,Wang P, Kang H, Peng R, Dong Y, et al. Spinal cord injury:
the global incidence, prevalence, and disability from the global burden of
disease study 2019. Spine. 2022;47(21):1532-40.

2. DuanR,Qu M, YuanY, Lin M, LiuT, Huang W, et al. Clinical benefit of
rehabilitation training in spinal cord injury: a systematic review and meta-
analysis. Spine. 2021;46(6):E398-410.

3. Nam KY, Kim HJ, Kwon BS, Park JW, Lee HJ, Yoo A. Robot-assisted gait
training (Lokomat) improves walking function and activity in people with
spinal cord injury: a systematic review. J Neuroeng Rehabil. 2017;14(1):.24.

4. Spooren Al, Janssen-Potten YJ, Kerckhofs E, Seelen HA. Outcome of
motor training programmes on arm and hand functioning in patients
with cervical spinal cord injury according to different levels of the ICF: a
systematic review. J Rehabil Med. 2009;41(7):497-505.

5. Anderson KD. Targeting recovery: priorities of the spinal cord-injured
population. J Neurotrauma. 2004;21:1371.

6.  Franceschini M, Di Clemente B, Rampello A, Nora M, Spizzichino L.
Longitudinal outcome 6 years after spinal cord injury. Spinal Cord.
2003;41(5):280-5.

7. Wuolle KS, Bryden AM, Peckham PH, Murray PK, Keith M. Satisfaction with
upper-extremity surgery in individuals with tetraplegia. Arch Phys Med
Rehabil. 2003;84(8):1145-9.

Snoek GJ, Jzerman MJ, Hermens HJ, Maxwell D, Biering-Sorensen F.
Survey of the needs of patients with spinal cord injury: impact and
priority for improvement in hand function in tetraplegics. Spinal Cord.
2004,42(9):526-32.

Lin IF, Wu HS. Does informal care attenuate the cycle of ADL/IADL dis-
ability and depressive symptoms in late life? J Gerontol B Psychol Sci Soc
Sci. 2011;66(5):585-94.


https://doi.org/10.1186/s12984-025-01642-8
https://doi.org/10.1186/s12984-025-01642-8

Hutmacher et al. Journal of NeuroEngineering and Rehabilitation

19.
20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.
33
34

35.

Keihanian F, Kouchakinejad-Eramsadati L, Yousefzadeh-Chabok S, Homaie
RE. Burden in caregivers of spinal cord injury patients: a systematic review
and meta-analysis. Acta Neurol Belg. 2022;122(3):587-96.

. Beaudoin C, Moore L, Gagne M, Bessette L, Ste-Marie LG, Brown JP, et al.

Performance of predictive tools to identify individuals at risk of non-trau-
matic fracture: a systematic review, meta-analysis, and meta-regression.
Osteoporos Int. 2019;30(4):721-40.

Reulein T, Stoller O, R. R. Wie Technologie die gesellschaftliche Teilhabe in
der Schweiz verbessert. 2023.

Weber-Fiori B, Stahle B, Pfiffner S, Reiner B, Ertel W, Winter MHJ. Marvin,
ein Assistenzroboter fur Menschen mit kérperlicher Behinderung im
praktischen Einsatz. Pfannstiel, M, Krammer, S, Swoboda, W (eds) Digitale
Transformation von Dienstleistungen im Gesundheitswesen Ill. Wies-
baden: Springer Gabler.

Baldassin V, Shimizu HE, Fachin-Martins E. Computer assistive technology
and associations with quality of life for individuals with spinal cord injury:
a systematic review. Qual Life Res. 2018;27(3):597-607.

Hammell KW. Exploring quality of life following high spinal cord injury: a
review and critique. Spinal Cord. 2004;42(9):491-502.

Hammell KW. Quality of life among people with high spinal cord injury
living in the community. Spinal Cord. 2004;42(11):607-20.

Rigby P, Ryan SE, Kent AC. Electronic aids to daily living and quality of life
for persons with tetraplegia. Dis Rehabil Assist Technol. 2010;6:260-7.
Readioff R, Siddiqui ZK, Stewart C, Fulbrook L, O'Connor RJ, Chadwick EK.
Use and evaluation of assistive technologies for upper limb function in
tetraplegia. J Spinal Cord Med. 2022;45(6):809-20.
https://www.paraplegie.ch/de/wissen-forschung/wissen/rehabilitation/.
Cappello L, Meyer JT, Galloway KC, Peisner JD, Granberry R, Wagner DA,
et al. Assisting hand function after spinal cord injury with a fabric-based
soft robotic glove. J Neuroeng Rehabil. 2018;15(1):59.

Bhattacharjee T, Gordon EK, Scalise R, Cabrera ME, Caspi A, Cakmak M,

et al. Is More Autonomy Always Better? Proceedings of the 2020 ACM/
IEEE International Conference on Human-Robot Interaction. 2020. p.
181-90.

Mekki M, Delgado AD, Fry A, Putrino D, Huang V. Robotic rehabilita-

tion and spinal cord injury: a narrative review. Neurotherapeutics.
2018;15(3):604-17.

Orejuela-Zapata JF, Rodriguez S, Ramirez GL. Self-help devices for quad-
riplegic population: a systematic literature review. IEEE Trans Neural Syst
Rehabil Eng. 2019;27(4):692-701.

Styler B, Chung C, Houriet A, Ding D. Software design of an assistive
robotic manipulator for versatile control authority in multi-action
manipulation tasks. 2022.

Joss N, Cooklin A, Oldenburg B. A scoping review of end user involve-
ment in disability research. Disabil Health J. 2016;9(2):189-96.

Anderson KD. Consideration of user priorities when developing neural
prosthetics. J Neural Eng. 2009;6(5): 055003.

Liu H, Grindle GG, Chuang F, Kelleher A, Cooper R, Sieworek D, et al. A sur-
vey of feedback modalities for wheelchair power seat functions. Pervasive
Comput. 2012;12:536-1268.

Sanders PM, ljizerman MJ, Roach MJ, Gustafson KJ. Patient preferences
for next generation neural prostheses to restore bladder function. Spinal
Cord. 2011;49(1):113-9.

SharmaV, Simpson RC, LoPresti EF, Mostowy C, Olson J, Puhlman J, et al.
Participatory design in the development of the wheelchair convoy
system. J Neuroeng Rehabil. 2008;5:1.

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke
JP, et al. The strengthening the reporting of observational studies in
epidemiology (STROBE) statement: guidelines for reporting observational
studies. J Clin Epidemiol. 2008;61(4):344-9.

Eysenbach G. Improving the quality of Web surveys: the checklist

for reporting results of internet E-surveys (CHERRIES). J Med Int Res.
2004,6(3): e34.

Schoonenboom J, Johnson RB. How to construct a mixed methods
research design. Kolner Z Soz Sozpsychol. 2017,69(Suppl 2):107-31.
Creswell J, Plano CV. Designing and conducting mixed methods research.
Thousand Oaks: Sage; 2011.

Kukartz U. Mixed methods: methodologie. Forschungsdesigns und Analy-
severfahren: Springer Verlag; 2014.

Schulz MMB, Renn O. Fokusgruppen in der empirischen Sozialwissen-
schaft. Wiesbaden: Springer Verlag; 2012.

(2025) 22:113 Page 16 of 16

36. Rupp R, Biering-Sorensen F, Burns SP, Graves DE, Guest J, Jones L, et al.
International standards for neurological classification of spinal cord injury:
revised 2019. Topics Spinal Cord Injury Rehabil. 2021,27(2):1-22.

37. Pelz C, Schmitt A, Meis M. Knowledge mapping as a tool for analyzing
focus groups and presenting their results in market and evaluation
research. FQS Qualit Soc Res. 2004;5(35):1.

38. Kuckartz U. Qualitative Inhaltsanalyse. Akremi L, Baur N, Knoblauch H,
Traue B Handbuch Interpretativ forschen. Weinheim Basel: Beltz Juventa;
2018. p. 506-34.

39. Stucki G. International classification of functioning, disability, and health
(ICF): a promising framework and classification for rehabilitation medi-
cine. Am J Phys Med Rehabil. 2005;84(10):733-40.

40. Noreau L, Desrosiers J, Robichaud L, Fougeyrollas P, Rochette A, Vis-
cogliosi C. Measuring social participation: reliability of the LIFE-H in older
adults with disabilities. Disabil Rehabil. 2004;26:346-52.

41. Jamieson S. Likert scales: how to (ab)use them. Med Educ.
2004,38:1217-8.

42. Guillon B, Van-Hecke G, Iddir J, Pellegrini N, Beghoul N, Vaugier |, et al.
Evaluation of 3 pushrim-activated power-assisted wheelchairs in patients
with spinal cord injury. Arch Phys Med Rehabil. 2015;96(5):894-904.

43. Keates S, Clarkson PJ, Harrison LA, Robinson P, editors. Towards a practical
inclusive design approach. Conference on Universal Usability; 2000.

44. Dorrington P, Wilkinson C, Tasker L, Walters A. User-centered design
method for the design of assistive switch devices to improve user experi-
ence, accessibility, and independence. J Usability Stud. 2016;11(2):66-82.

45. Norman D. The design of everyday things revised and expanded edition:
Basic Books; 2013.

46. Jardon A, Gil AM, de la Pena Al, Monje CA, Balaguer C. Usability assess-
ment of ASIBOT: a portable robot to aid patients with spinal cord injury.
Disabil Rehabil Assist Technol. 2011;6(4):320-30.

47. Andreasen Struijk LNS, Egsgaard LL, Lontis R, Gaihede M, Bentsen B. Wire-
less intraoral tongue control of an assistive robotic arm for individuals
with tetraplegia. J Neuroeng Rehabil. 2017;14(1):110.

48. Bhattacharjee T GE, Scalise R, Cabrera ME, Caspi A, Cakmak M, et al,, editor
Is More Autonomy Always Better? Proceedings of the 2020 ACM/IEEE
International Conference on Human-Robot Interaction2020.

49. Monden KR, Charlifue S, Philippus A, Kilbane M, Muston-Firsch E, MacIn-
tyre B, et al. Exploring perspectives on assistive technology use: barriers,
facilitators, and access. Disabil Rehabil Assist Technol. 2024;19(4):1676-86.

50. (UNICEF) WHOatUNCsF. Global report on assistive technology. 2022.

51. Mishra 'S, Laplante-Levesque A, Barbareschi G, Witte L, Abdi S, Spann A,
et al. Assistive technology needs, access and coverage, and related barri-
ers and facilitators in the WHO European region: a scoping review. Disabil
Rehabil Assist Technol. 2024;19(2):474-85.

52. Correal R, Jardon Huete, A, Martinez, S, Cabas, R, Gimenez, A, & Balaguer,
C., editor Human-Robot Coexistence in Robot-Aided Apartment. 2006
Proceedings of the 23rd The International Association for Automation
and Robotics in Construction; 2006; Tokyo, Japan.

53. Gopinath D, Jain S, Argall BD. Human-in-the-Loop Optimization of Shared
Autonomy in Assistive Robotics. [EEE Robot Autom Lett. 2017,2(1):247-54.

54. Matsiko A. Robotic assistive technologies get more personal. Sci Robot.
2022;7(64):.eabo5528.

55. Bourguignon L, Tong B, Geisler F, Schubert M, Rohrich F, Saur M, et al.
International surveillance study in acute spinal cord injury confirms
viability of multinational clinical trials. BMC Med. 2022;20(1):225.

56. National Spinal Cord Injury Statistical Center University of Alabama at
Birmingham. Annual Statistical Report—Complete Public Version. 2021.

57. Bagheri ASM. Exploring the effectiveness of chain referral methods in
sampling hidden populations. Ind J Sci Technol. 2015;8:30.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://www.paraplegie.ch/de/wissen-forschung/wissen/rehabilitation/

	Identification of needs for an assistive robotic arm in individuals with tetraplegia: a mixed-methods approach
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Overall design
	Focus group interview
	Procedure
	Sampling and recruitment
	Qualitative Data Analysis

	Surveys
	Procedure
	Sampling and recruitment
	Statistical analysis


	Results
	Focus group interview
	Experiences with AT in general
	Expectations on a robotic arm
	Functions with low relevance
	Summary

	Survey of individuals with tetraplegia
	Type and control mechanisms of wheelchairs
	Use of a robotic arm
	Survey of caregivers


	Discussion
	Needs and expectations regarding a robotic arm for everyday use
	Concerns about a robotic arm for everyday use
	Limitations of the study and future work

	Conclusion
	Acknowledgements
	References


