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Abstract.

BACKGROUND: Work-related musculoskeletal disorders are common among care professionals in elderly care. Exoskeletons
showed effectiveness in preventing and reducing low back pain in other sectors. However, the potential of using an exoskeleton in
elderly care is unclear.

OBJECTIVE: To document the experiences of care professionals using an exoskeleton in elderly care.

METHODS: A descriptive qualitative study with individual semi-structured interviews among professionals from two elderly|
care institutes, facing low back pain.
RESULTS: Twenty-two care professionals used the exoskeleton mainly at peak loads during morning and evening care. Their]
experiences were described in four main themes: wearing and adjusting, movement and comfort, appearance, integration int
work, and perceived effects. Those who experienced (predominantly) positive effects reported having less or even no back pain,
partly due to the relief of the lower back, but also to a more conscious posture and attention to ergonomically sound movement.
ICONCLUSIONS: This study led to valuable insights into experiences of using an exoskeleton in elderly care, such as the potential
of mitigating and preventing low back pain, and suggestions for further development of exoskeletons to improve their usability in
the context of elderly care. The latter should be followed by studies into long-term effects.

Keywords: Work-related assistive technology devices, low back support, long-term care

1. Introduction back pain. Specific back pain, such as a herniated disc,
is also clearly associated with work-related risk factors,
Work-related musculoskeletal disorders tend to be especially lifting, and carrying, and working in hunched
common among healthcare professionals, especially or twisted postures [2].
nursing and care staff. According to Campo et al. (cited Madinei and colleagues [3] conclude, based on a re-
in [1]), there is a significant association between per- view of recent literature, that passive exoskeletons sup-
forming transfers with patients, positioning, and mov- porting the lower back are a promising ergonomic in-
ing them, working in hunched or twisted positions, high tervention to reduce the risk of developing work-related
workload, and an increased risk of work-related low low back pain. Exoskeletons have been used in the lo-

gistics sector (e.g., moving luggage at airports, mov-
ing parcels, etc.), agriculture, industry, and construc-
*Corresponding author: Uta Roentgen, Zuyd University of Applied

Sciences, Research Centre Technology in Care, Henri Dunantstraat tion for a longer time showmg hlgh potentlal (e'g"_ (4,
2, 6419 PB Heerlen, The Netherlands. Tel.: +31 88 0272120; E-mail: 5]). The development of exoskeletons and the applica-
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therefore introduced and piloted in healthcare as well.
For example, exoskeletons to support (rotation of) the
trunk [6], or lifting and transfer activities of nurses in
an wating room of an operation room [7], to relieve
lower back strain for surgeons and surgery nurses [8], to
reduce lumbar strain during patient transfers [9], pres-
sure on joints and muscle activity in the shoulder-arm
complex [10], and fatigue and pain of arm and shoulder
during operations [11] are being developed or applied.
To date, most (prototypes of) exoskeletons have mainly
been evaluated in a laboratory setting [6,9,10,11] or on
a small scale for short periods in a real-life care envi-
ronment [8,11]. Kermavnar and colleagues called for
more studies in real-life environments [4].

Within Sevagram and Zuyderland, two elderly care
organisations in the Netherlands, care and nursing staff
frequently experiences low back pain due to the phys-
ical strain of performing (care) tasks. For this reason,
they wanted to systematically explore the experiences
of using an exoskeleton in elderly care. They chose the
Laevo exoskeleton (Laevo), a passive back-relieving
exoskeleton that had been shown to reduce the strain
on the lower back by 40% when bending forward [12].
Laevo is already used in various sectors such as agricul-
ture, construction, military and automotive [13]. Both
in a laboratory setting [12,14] and in real work envi-
ronments, wearing a Laevo led to objectively increased
performance in static forward bending, tasks were per-
ceived as significantly less difficult [14] and caused
less back pain [14,15]. Although Laevo was originally
developed for healthcare, it has mostly been applied
in other sectors. Experiences in healthcare are limited
to use in an operation room [8,16], characterised by
working in a fairly structured environment for lengthy
periods of time in the same posture. Application in el-
derly care, where activities are different, had not been
previously investigated before the start of this study.

As a result, little knowledge is available on if and
how an exoskeleton is deployable in elderly care, in
users’ experiences that determine acceptance or per-
ceived added value, nor in factors that influence im-
plementation. The research objective of this study is
to document the experiences of care professionals in
elderly care, facing low back pain, when using an ex-
oskeleton during their care tasks.

2. Methods

To reach this objective, a descriptive qualitative re-

2.1. History of the project

The 16-month project was initiated by the innova-
tion managers of Sevagram and Zuyderland, in coop-
eration with the company Laevo. Zuyd University of]
Applied Sciences was responsible for the research. Be-
fore the start of testing, application of the exoskeleton
in elderly care was explored with several employees
(n = 8) of Sevagram and Zuyderland during individ-
ual semi-structured interviews and promising use-cases
were drawn up. Following this, the Laevo exoskele-
ton was evaluated by healthcare professionals in prac-
tice in four test phases with three different versions
(version 2.57, a prototype of Laevo FLEX, and Laevo
FLEX).

2.2. Exoskeleton

The study was started with Laevo version 2.57 (see
Fig. 1). “The Laevo is a wearable device which supports
bent-forward work and repetitive lifting. The Laevo de-
creases the forces in the lower back when bending [18].”]
It weighs 2.8 kg. The prototype of the next version,
and the next version itself, called Laevo FLEX (see
Fig. 2), were used for the following test phases. The
Laevo FLEX “is a wearable device which supports the
body during work in various positions, for example,
when you stoop, squat, bend forward or do repetitive
lifting. The FLEX decreases the strain in the lower back
during these activities [19].” It weighs 4.0—4.2 kg. Main
changes from version 2.57 included moving the chest
structure backwards and replacing the straps for the|
upper body with a vest. Another difference between the
FLEX and the V2.57 is the addition of the swivel be-
tween the shoulders, which reduces the pressure against
the thighs when walking compared to the V2.57. The
level of support is much higher. And twisted movements
and bending are also possible through the swivel while
maintaining comfort. Furthermore, the FLEX is dust-
and waterproof. In further development, the vests of the
prototype of Laevo FLEX were minimised and better]
adapted to the anatomy of a female body. During the|
test period, there were three sizes of the vests.

2.3. Participants

To be eligible to participate in the study, professionals
from Sevagram or Zuyderland had to meet the following
inclusion criteria: 1) nurses aid, nursing assistant or

search design was applied [17]

nurse; 2) does morning and evening bedside care; 3)
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contract of at least 24 hours per week; and 4) chronic
low back pain (longer than 3 months).

Exclusion criteria included: 1) red flags (identified
using a screening tool based on the Royal Dutch Society
for Physiotherapy’s guideline on low back pain) [20];
2) a lumbosacral radicular syndrome (LRS) [20]; and
3) too much pressure on the chest or upper legs or other
complaints at the first session with the exoskeleton de-
spite careful fitting and adjustment. Participants were
recruited through social media posts and internal com-
munication channels and team managers. Furthermore,
employees with low back problems were actively ap-
proached on site.

2.4. Procedure
Potential participants were invited to an initial ses-

sion; prior to this, they received a comprehensive in-
formation letter including a consent form and provided

Fig. 1. Laevo V2.57.

1) suspenders

2) chest pad

3) chest pad buckle

4) chest gel paddings
5) left torso structure
6) right torso structure
7) hip paddings

8) front belt buckle

9) front belt slip

10) front belt

11) smart joint label
12) back belt (and slips)
13) hip pad

14) buttock belt

15) smart joint

16) leg structures

17) leg pads

18) structure size indication
19) structure lock button
20) angle adjustment block
21) angle indication

22) support on/off button

testing, it was assumed that it generally takes about four]
weeks to get used to wearing and using the exoskeleton.
Participants were reminded that they could stop at any|
time in case of complaints. For the first test phase, it was
envisaged that each participant would use the exoskele-
ton for eight weeks. With the time needed to get used
to the exoskeleton in mind, follow-up measurements
ideally would take place after four and eight weeks of
use. As it gradually turned out that participants often
stopped using the exoskeleton earlier, these times were|
not feasible for follow-up measurements, and times
were determined individually for each participant.
During the first session, after fitting of the exoskele-
ton, each participant was observed by an occupational
and/or physiotherapist while performing relevant ac-
tivities related to stature, posture, and movement pat-
terns; first without and then with use of the exoskeleton|
to observe possible differences arising from wearing
the exoskeleton. Participants were also observed in the

informed consent. When determining the duration of

first days of use by the physiotherapists involved, sol
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Vest frame

Front vest

Hip frame

Torso structures

Smart joint

Front belt

Font belt buckle sleeve
Leg pads

Actuator spring

® Angle indicator (for smart joint)
@ Leg pad fixator

that possible complaints or problems due to (incorrect)
use of the exoskeleton could be noticed in time and the
settings of the exoskeleton could be adjusted. Further-
more, during the test period participants’ working ac-
tivities were scheduled in a way that frequent use of the
exoskeleton and variation of experiences were possible.

2.5. Data collection and analysis

After fitting the exoskeleton and after a period of
use, participants individually participated in a semi-
structured interview. The interview guide was informed
by the Dutch version of the Quebec User Evalua-
tion of Satisfaction with assistive Technology (D-
QUEST) [21] and the Theoretical Framework including
the Technology Acceptance Model (TAM) as described
by [22, p. 276]. It starts with questions about socio-
demographic and background variables, followed by

Fig. 2. Laevo FLEX.

open questions on topics as factual use of the exoskele-
ton, experiences (perceived effect; influences from the
physical and social environment, e.g. reactions from
colleagues, residents and their relatives) and opinions
about characteristics of the exoskeleton, future use, sug-
gestions for improvement and implementation in the
organisation. Face validity, structure and comprehen-
sibility were considered with one occupational ther-
apist from Zuyd University of Applied Sciences and
two physiotherapists from Sevagram and Zuyderland.
This interview had an estimated duration of 30 min-
utes and took place during working hours, at the lo-
cation where the participant worked. Currently appli-
cable measures related to COVID-19 were taken into
account. If a participant preferred a telephone interview|
or an online consultation, this was arranged. With the|
consent of the participants, the interview was recorded.
The audio recording was summarised in writing and
then deleted. The summary was sent to the participan
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for review (member-check). Participants had one week
to add, change, or delete information if they wished.
'Without a response, it was assumed that they agreed
with the content of the summary, and it was used for
data analysis. The interview data obtained in this way
were analysed inductively using conventional content
analysis [23] and the results are described by themes in
the following section.

3. Results

During the period from October 2020 to December
2022, in total, 22 care professionals participated in the
interviews about their experiences of using the Laevo
exoskeleton in practice (Sevagram n = 19, Zuyder-
land n = 3). In the first project phase, two partici-
pants evaluated version 2.57 of Laevo, in the second
project phase, seven participants evaluated (a prototype
of) Laevo FLEX and in the final project phase, 13 par-
ticipants evaluated the Laevo FLEX. See Table 1 for
an overview. Although the versions of the exoskeleton
were (quite) different, participants’ experiences in the
three testing phases are summarised below.

3.1. Wearing and adjusting

Putting on and taking off the exoskeleton indepen-
dently was felt to be (reasonably) easy. Some partici-
pants still needed help the first time putting it on, but af-
ter that everyone could do it on their own. With the first
version of the exoskeleton (V2.57), it was difficult to
adjust and set the exoskeleton properly for the individ-
ual user. Setting up with all versions of the exoskeleton
was done by an occupational or physiotherapist; this
initially took about an hour for most participants, in-
cluding providing instruction. In subsequent tests with
(the prototype of) Laevo FLEX, most participants re-
ported that the exoskeleton was well adjusted to them,
and that it was not difficult or took a long time to find
the right adjustment.

However, a few participants indicated that the right
setting was not found for them, even after multiple
adjustments. They said this was due to physique. For
most participants, after proper adjustment (especially
Laevo FLEX), the exoskeleton remained in place during
all activities. For one participant, the upper part shifted
while squatting; the Velcro became loose and had to be
readjusted properly several times a day. The leg pads

Iso did not stay in place properly for some participants;

they slipped when walking and caused slight bruising.
Sometimes Velcro was attached at the legs so that the
leg pads did not keep slipping off.

3.2. Movement and comfort

Participants told that wearing an exoskeleton requires
adaptation of movement. The occupational and physio-
therapists involved observed that using the exoskeleton
changed the movement chain and that some participants
tried to push through their normal movements. Bending,
kneeling, squatting, and going through the knees went
well for some participants; others felt hampered or felt
very much that they had to do these movements in a
different way than they were used to. For example, one
participant had to hold onto something to get upright.
The duration of getting used to it among participants
varied greatly. Some got used to it quickly; for oth-
ers, use had to be built up slowly because they found
carrying the exoskeleton heavy.

Comfort during movement has a major influence on
a positive or negative experience with the exoskele-
ton. Some of the participants formulated wearing an|
exoskeleton as not uncomfortable. Not being able to
sit comfortably (with exoskeleton) in a chair anymore,
for example, to write reports at the computer or help
residents at the table to eat is the most frequently men-
tioned disadvantage. Several participants experienced
the exoskeleton as warm, despite the breathable fabric
with holes; the exoskeleton caused increased perspi-
ration. Some participants described the exoskeleton as
too cumbersome.

Participants reported having to be careful not to get
stuck or bump into anything; they experienced difficulty
manoeuvring in small spaces such as the wet room.
Others found the exoskeleton uncomfortable due to
straps that were too stiff or unpleasant pressure from|
Velcro on the hips or forearms rubbing against “screws”
(the smart joint) on the sides. The upper section (from|
(prototype) Laevo FLEX) was perceived as too tight by
some participants. Adjustments to the exoskeleton to
improve wearing comfort sometimes caused other chal-
lenges. Moving the chest structures backwards from|
(the prototype of) Laevo FLEX improved wearing com-
fort but did not allow participants to wear a nursing
jacket over it, so they missed the functionality of the
pouches (storing duty phone, gloves, bandage scissors,
pen, or keys).

3.3. Appearance

Most participants were satisfied with the appearance
of the exoskeleton or thought the appearance was sec-
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ondary to the result:

— “Ireally have to admit it looks crazy. It’s not pretty
or anything. A penicillin drink is not nice either
but that helps too.” (P4 phase 3)

— “Yes, that’s a thing. It’s not pretty, of course, but
that doesn’t count for much for me.” (P4 phase 3)

For others, appearance was the main reason to stop
using it. “I became dead unhappy with this.” (PT)

Residents often initially expressed funny or surprised
reactions to wearing the exoskeleton. It often opened
the conversation. Common statements included:

— “What are you wearing now?” (P1 phase 1 & 2;
P2; P7; P16; P18; P21)

— “What is this, what do you have to do with it and

why?” (P13)

— “Are you going to space, you look like a robot?”

(P10)
— “Nurse, are you going to abseil (P17)/parachute
Jjump (P8)?”

The type of response was mainly related to the target
eroup one works with. In people with severe dementia,
the reaction often kept recurring repeatedly and expla-
nations were felt of little use. Two residents accidentally
grabbed the exoskeleton. Once because the resident
thought she was grasping the bar of the passive hoist.
This did not lead to dangerous situations but is an area
of concern. Comments from colleagues were mostly
interested questions. However, some participants expe-
rienced sceptical reactions from colleagues and found
them so annoying that they wore the exoskeleton less
often or even stopped wearing it.

3.4. Integration into work

Participants used the exoskeleton mainly during
morning and evening shifts, especially when caring for
(bedridden) clients on the bed, dressing and undressing
(especially compression stockings), washing, shower-
ing, and lifting clients out of bed, making transfers,
assisting with toileting, and pushing the medicine trol-
ley. In contrast, night shifts are based on calls from
residents who need help, this is often occasional care.
Interviewees indicated that wearing the exoskeleton is
not convenient then, because they cannot walk (well)
or sit down in between with the exoskeleton on (e.g.,
when doing administrative work such as reporting the
computer). It takes too much time and effort to put it
on and off all the time. Using the exoskeleton for emer-
gencies in other departments is not an option, as you
cannot run with it.

For participants who experienced a positive impact,

tices, regular tasks, and activities. Some found the ex-
oskeleton more suitable for morning rather than evening
care, as they must walk more in the evening. Inciden-
tally, participants who evaluated the latest version of]
the exoskeleton were less bothered when wearing it.
All participants are convinced that the exoskeleton is
especially useful when doing rounds. This involves car-
ing for residents for several hours in succession where
heavy, physical tasks are performed continuously. Par-
ticipants who did not experience a positive effect also
found the exoskeleton difficult to fit into these activi-
ties. Part of fitting into work is whether to share an ex-
oskeleton with colleagues. Sharing was not considered
desirable by many participants, as the settings would
have to be readjusted each time.

3.5. Perceived effect of the exoskeleton

Those participants, who experienced a clear positive
effect, expressed this for example by saying:

— “...a fantastic thing!” (P4 phase 2 & 3); “I'm
glad 1 did this!” (P4 phase 3).
For others, the effect was ambivalent or negative,
with some wanting to continue using it and others
not. The main positive effects indicated were that it
corrects posture and, above all, creates awareness
of body posture while performing care tasks.

— “It signalled, not this posture, a bit straighter.”
(P1 phase 1).
One participant explained that the spring of the ex-
oskeleton straightens the back in a way and forces
it into the correct posture. Several participants in-
dicated that after a while they actually adopted that
straight posture without the exoskeleton too. Peo-
ple know it is important, but it often slips through
due to a developed routine or due to the speed of
task performance.

Participants reported experiencing less back fatigue.
They could bend better and found it less tiring to work
in a stooped position. Some had no more back pain af
all:

— “Oh, wonderful yes, no more complaints at all...”
(P10).

— “I miss it when I don’t have it on. Even though
it’s heavy to lift when putting it on. Now that |
no longer have it, I have back problems again.”
(P14).

Tasks were performed differently by wearing the ex-

oskeleton, which was perceived as positive. For some|

the exoskeleton fitted well into normal working prac-

participants, this led to adjustments in their actions an
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the use of proper lifting techniques, e.g., putting a bed
at the right height or standing straight in front of some-
thing so that there was less twisted bending or stooping.
Participants indicated that they were adopting a better
posture by, for example, lowering their knees more and
turning more purposefully. Several participants expe-
rienced the use of the exoskeleton as pleasant. Espe-
cially when working with bending, stretching, pushing,
making transfers, and putting people on the bed, the
exoskeleton provided relief. “The support the skeleton
gives you, specifically that you keep a straight back, is
super nice.” (P15).

Besides the positive effects, several participants re-
ported experiencing no or negative effects of the ex-
oskeleton (on back pain). For example, some partici-
pants felt no support. Certain movements were more
difficult for them, for example, bending forward, go-
ing through the knees, standing at the bedside (because
participants could then not put their upper legs against
the bed) or taking a step to the side: ... then you feel
it, that you have something stuck to you, then you get a
bit off balance.” (P5).

According to these participants, the exoskeleton in-
hibits movements and wearing the exoskeleton forced
them into an upright posture that their bodies were not
used to. The different posture puts more strain on other
muscles than usual, causing upper back complaints and
making participants feel the wearing as tiring.

3.6. Recommendations for improvement of the
exoskeleton

Participants mentioned nine suggestions for improve-
ment: 1) Lighter, finer, smaller, more flexible, more
comfortable and of elastic material, more compact and
inconspicuous (P1 phase 1 & 2; P2; P4 phase 2; P6;
P8; P10; P11; P12; P18; P19; P22); 2) Possibility to
wear under clothes (P4 phase 2 & 3; PS; P9); 3) Longer
top piece so it can be closed more easily (P5); 4) Dif-
ferent material (in summer) (P1 phase 2; P3; P4 phase
2; P6; P13; P22); 5) Own top piece for each user (for
hygiene reasons) that is easy to clean (P1 phase 2; P4
phase 2); 6) A larger pocket or more pockets to store
necessary items (P3; P4 phase 2; P5; P15-22); 7) Pos-
sibility to hang up the exoskeleton (P1 phase 2); 8) No
leg pads or pads of different size, or different material
(P1 phase 3; P2; P4 phase 2 & 3; P12; P18; P21; P22);
and 9) Protection over the “screws” (smart joint) on the
side (P5)

3.7. Recommendations for implementation of an
exoskeleton in elderly care

Participants and involved occupational and physio-
therapists provided six suggestions for implementation:
1) Give more attention to the use of an exoskeleton
through location-based promotion or a personal ap-
proach; 2) Link with occupational health and safety|
services and include the exoskeleton as a potentially in-
teresting and possibly effective addition to the existing
range of aids for preventing and reducing (back) pain,|
such as lifts and transfer boards; 3) Understanding the|
factors that determine whether the exoskeleton is or is
not suitable for the individual user (to be able to make|
a good match); these could include: a) the nature off
the experienced back pain (e.g. wearing the exoskele-
ton was experienced very differently by a participant
with scoliosis than by a participant with osteoarthritis);
b) determining the appropriate wearing time; c) pos-
sible other complaints (e.g., knee problems) and side|
effects (such as on abdominal muscles) that need to be|
monitored; d) factors in the social and physical envi-
ronment (e.g., views and expressions of colleagues and
residents, possibilities for safe storage of the exoskele-
ton or sufficient space so that wearing the exoskeleton
is not perceived as an obstacle); 4) Importance of care-
ful fitting, explanation, instruction, training, and proper|
guidance; having a person available and approachable
to whom users can turn in case of questions or prob-
lems; 5) Integration of use in training and education on
ergonomic behaviour; and 6) Support of managers and
care coordinators in implementation.

4. Discussion

The objective of the study was fully achieved. Thir-
teen participants were (very) enthusiastic, four ambiva-
lent and five participants were (very) negative about
wearing the exoskeleton. Appearance, comfort, influ-
ence on movement, fitting in with regular activities and
perceived effect were key to the acceptance and per-
ceived usefulness of an exoskeleton in elderly care.

Those who were (very) enthusiastic perceived the
purposeful use of the Laevo FLEX during peak work-
loads during morning and evening care and caring for|
clients (at bedside) as positive. They said to have fewer
back problems as a result of using the exoskeleton,|
with some even indicating that their complaints have
disappeared altogether. According to them, this was
partly due to the relief of the lower back that the ex-
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oskeleton provided during stooped postures and activ-
ities such as lifting, carrying, and moving, but also as
a result of more conscious posture and paying atten-
tion to ergonomically sound movement. Occupational
and physiotherapists’ observations showed that several
care professionals did not move ergonomically accord-
ing to lifting and transfer protocols and tried to con-
tinue this even when wearing the exoskeleton. On the
contrary, other participants indicated that, by wearing
the exoskeleton, they had become much more aware
of an ergonomically responsible posture and now ap-
ply it much more consistently. In their view, this was
also the reason they experienced less or even no back
pain because of exoskeleton use. Those who were very
enthusiastic wore the exoskeleton for a longer period
and would also recommend it to colleagues (with low
back pain). Others stopped using it after a few shifts,
because the exoskeleton did not fit well, could not be
adjusted, or did not fit well with their regular work.
Overall, the findings of this study indicate that the im-
plementation of an exoskeleton can be promising for
care professionals in elderly care to mitigate and pre-
vent low back pain. The results from the first project
phases have contributed to the further development of
Laevo version 2.57 into Laevo FLEX to make it more
suitable for use in healthcare settings.

4.1. What this study adds to the literature about the
use of an exoskeleton in elderly care

This research is the most comprehensive study on
the deployment of a commercially available exoskele-
ton to support the lower back in a real-life care con-
text to date. The findings from this study are consistent
with the results of the only other study conducted in a
similar real-life setting: a Finnish study concerning the
deployment of Laevo in a nursing home [24]. Sixteen
nursing students first evaluated the exoskeleton in an
experimental set-up while performing a transfer. Half of
these students intended to continue using the exoskele-
ton for this task. Subsequently, seven nurses used the
exoskeleton briefly in elderly care. Main findings of this
study comprise that the residents’ reactions ranged from
rather negative about the appearance to “compassion
toward the nurses who ‘had to’ use” it [24]. Also, col-
leagues’ opinions about the exoskeleton were diverse,
but participants stressed that its positive effects moti-
vated them to wear it [24]. Compared to this study, the
current study provides even more insight into specific
use cases, their experiences, and perceived effects of us-

low back pain, its use over a longer period, and factors
determining the acceptance and added value of using an
exoskeleton in elderly care. Settembre and colleagues
assessed the Laevo exoskeleton in an intensive care
unit (ICU) of a university hospital in France during the|
COVID-19 pandemic [25]. Perceived fatigue at the end
of the shift was reduced and both participants would
use Laevo again without hesitation. They found Laevo
comfortable except while walking and did not feel re-
stricted in usual gestures and activities in the ICU. As
in the present study, it was found that a positive attitude
of colleagues is fundamental for the acceptance of such
innovative technology at work [25].

For the further implementation of the exoskeleton
within elderly care, new insights from Elprama and
colleagues [26] could be incorporated. It seems useful
to embed the deployment in the institution’s occupa-
tional health and safety policy and to further develop the
process for advising an exoskeleton for the individual
worker. The importance of conveying more knowledge
about the potential benefits of wearing an exoskeleton|
during certain tasks and activities and a more proactive
safety policy was also highlighted, which is less evident
in the healthcare sector where workers often work solo
in a resident’s home, than, for example, in construction
or logistics. According to one of the involved physio-
therapists the awareness of “we either work safely or]
we don’t work at all” and the use of personal protection
is still much less present in the care sector than in other
sectors, which might render the preventive use of an|
exoskeleton difficult.

4.2. Strengths and limitations of the study

The following aspects can be mentioned as strengths
of this study. The iterative phases of our project allowed
initial suggestions for improvement to be included in
the further development of the exoskeleton; several par-
ticipants had the opportunity to evaluate different ver-
sions of Laevo for direct comparison. In doing so, the|
study contributes to O’Connor’s claim to involve care-
givers and nurses more in the development of exoskele-
tons to ease increasingly demanding care tasks [27].
Different forms of triangulation were applied: data tri-
angulation, as the research data were collected at sev-
eral points in time and in different locations of two dif-
ferent health care organisations, and researcher trian-
gulation, as the data were collected and analysed by
three researchers. This and the collection of data over|
a longer period (‘prolonged engagement’) and asking

ing the exoskeleton for healthcare workers with chronic

for feedback from the participants in a member chec
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increased the credibility of the research findings [28].
The fact that the results are in line with the results of
previous research with Laevo conducted in similar set-
tings [24,25], combined with the detailed description
of the context (‘thick description’), increases the like-
lihood that the results of this study are also applicable
to other care organisations (‘transferability’) [28]. The
study proceeded in several phases and data were col-
lected and analysed iteratively. Eventually, saturation
was achieved for the qualitative data collected using in-
terviews, which increased the robustness (‘dependabil-
ity’) of the study [28]. The progress of the project and
results were regularly fed back and discussed with the
highly engaged members of the project team in which
the various stakeholders were represented (‘peer de-
briefing’), which benefited the ‘confirmability’ of the
study [28].

Our study had some limitations. For instance, it
was difficult to recruit enough participants within both
healthcare organisations, which ultimately led to a
slightly smaller number of participants than originally
conceived. Moreover, the way participants were re-
cruited might have led to selection bias, as healthcare
professionals were initially included with an interest
in innovative technology and participation in research.
This could perhaps have been avoided by running the
inclusion through the Occupational Health and Safety
Service and in this way approaching everyone who
might be eligible to use the exoskeleton due to chronic
low back pain for participation. Furthermore, the fact
that the study took partly place during the COVID-
19 pandemic affected the conduct and quality of the
study. Caregivers and nurses were extremely heavily
burdened during this period, which generally left little
room to engage in innovations. Moreover, participating
in a study (even though it could be done during work-
ing hours) was perceived as an extra burden. For some
participants, the high workload resulted in little time
for the interviews, which sometimes had to take place
by telephone due to the COVID-19 measures in force.

5. Conclusion

Overall, this study led to valuable insights into ex-
periences of 22 care professionals, such as the poten-
tial of mitigating and preventing low back pain, and
suggestions for further development of exoskeletons to
improve their usability in the context of elderly care.
The latter should be followed by studies into long-term

find out the effectiveness of the Laevo FLEX exoskele-
ton in relation to productivity, sustainable employabil-
ity, absenteeism, and reintegration, and to explore the
use of sensors to measure its effects.
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