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Abstract
Immobility in intensive-care patients can lead to significant health risks and costs for the health system.Reasons for this include
the shortage of specialist staff in nursing and physiotherapy who typically handle mobilisation activities for intensive-care
patients. The use of robotic systems aims to facilitate earlymobilisation and thereby counteract prolonged immobility.Whether
this can also alleviate the workload for staff has not yet been sufficiently investigated. To examine the psychological stress and
behaviour of mobilising specialist during conventional and robot-assisted mobilisations of intensive-care patients and to draw
conclusions regarding the impact on and relief for the mobilising staff due to the robotic system, a quantitative longitudinal
study was conducted with two data collection points (T1, T2). Aspects of body posture, the perceived stress of mobilising
staff, as well as the time and personnel required for mobilisation were collected through non-participatory standardised
observations. Descriptive statistics were used for data analysis of the observations of 35 conventional mobilisations (T1) and
55 robot-assisted mobilisations (T2). Additionally, a follow-up was conducted for nine robot-assisted mobilisations to assess
the routine use of the robotic system. The duration of robot-assisted mobilisation had significantly longer process compared
to conventional mobilisation. A significant correlation was found between the subjectively assessed feasibility of mobilisation
and psychological stress (PSaR) experienced by the specialist staff during robot-assisted mobilisation. The more confident
users felt in robot-assisted mobilisation, the less psychologically stressfull they found it. Overall, robot-assisted mobilisation
was more ergonomic and less stressful for the musculoskeletal system of the users.
Trial registration clinicaltrials.org TRN: NCT05071248, Date: 2021/10/21 URL https://clinicaltrials.gov/ct2/show/NCT050
71248.
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NIV Non-invasive ventilation
PD Nursing service
PHYS Physiotherapy
PSaR Subjective assessment of psychological stress
WMSD Work-related musculoskeletal disorders
WHO World Health Organisation

1 Background

Patients treated in an intensive care unit (ICU) can expe-
rience prolonged immobility [1]. However, initiating early
patient mobilisation within 72 h of admission to the ICU,
as stipulated by the German S3 guideline "Positioning ther-
apy and mobilisation of critically ill patients in intensive
care units" [2], can help mitigate potential long-term dam-
age, such as the development of ICU-acquired weakness [3].
This approach may also reduce costs for the healthcare sys-
tem [4]. The primary reasons for delayed or omitted early
mobilisation include a shortage of resources among special-
ist staff and inadequate equipment [5, 6]. Additionally, caring
for patients in the ICU entails significant physical and psy-
chological stress for specialist staff. These stress factors not
only affect job satisfaction but also private well-being [7].
Moreover, high levels of stress can affect self-esteem and
contribute to burnout [8].

To address challenges like this, robotic systems can be
utilised, some of which can even assist or take over mobili-
sation activities to counteract patients’ prolonged immobility
and alleviate the workload of the mobilising specialist staff
[9].One such robotic system is the adaptive robotic assistance
system VEMOTION® developed by ReActive Robotics.

The system comprises a specialised intensive care bed
equipped with a docking point for the robotic system, which
can be controlled via an associated monitor to generate
gait movements (see Fig. 1). This setup allows the hospi-
tal bed, with the robotic system attached, to function as a
therapy device without transferring the patient. For therapy,
the patient is securely fastened to the bed using specialised
securing units, including a seat adapter and fastening straps.
The robotic system is then docked, and in-bed gait train-
ing can be initiated, with the bed adjustable to 70 degrees.
Themonitor allows for configuring various settings, enabling
passive or assisted mobilisation. A video demonstrating the
system’s functionality can be viewed here: https://www.yout
ube.com/watch?v=PdYcFUgMj-Q [10].

The robotic systemVEMOTION® can be classified under
rehabilitation or therapy robotics,which have beendeveloped
in connection with rehabilitative approaches for various neu-
rorehabilitative challenges. However, in German-speaking
countries, there is only a limited body of knowledge on
these systems [11]. Additionally, there are other types of
care robotics which can be categorised into two further

types based on their fields of application or functionality
[11]. One of the three categories is socio-assistive systems
(including emotional robotics). These systems focus on the
socio-communicative aspects of care and include humanoid
robots and robotic animals. The third category is service
robotics (for caregivers and individuals in need of assistance).
These robots support simpler service tasks and focus on logis-
tics in care practices. The systems can relieve caregivers
(e.g. nurses but also informal caregivers like related persons)
in various areas depending on their category. For example,
a system that covers socio-communicative aspects and can
interact with residents of a nursing home is more likely to be
involved in relationship work and primarily provide psycho-
logical relief to caregivers. A system classified under service
robotics, which can perform tasks such as fetching and car-
rying, can primarily reduce physical strain by shortening
walking distances for caregivers [12].How systems classified
under therapy or rehabilitation robotics can provide relief is
not yet sufficiently researched [11, 13]. Therefore, this quan-
titative longitudinal study focuses on the stress perception of
specialist staff during robot-assisted mobilisation of patients
requiring intensive care. To this end, both conventionally
performed mobilisations and robot-assisted mobilisations of
patients requiring intensive care are included in this study.
Mobilising specialist staff refers to nursing and physiother-
apy professionals, as these are the primary groups involved
in patient mobilisation [14, 15].

To ensure comparability with the movements facilitated
VEMOTION®, conventional mobilisations of patients to sit-
ting, walking, or standing positions were observed during
data collection. The objective of observing only early mobil-
isations was not fully achieved due to staff turnover resulting
from the pandemic and reduced familiarity with the robotic
system. Therefore, the results report only refers to “mobili-
sation” as a whole.

Fig. 1 The VEMOTION.® robotic system (ReActive Robotics, 2021)
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Table 1 Variables of the observation sheet with variations (own presentation)

Construct Variables Variations

Basic data Survey point T1, T2, Follow-up

Time 6:00 AM–2:00 PM
2:00 PM–10:00 PM

Socio-demographic data of the users Gender Female, male, other

Professional qualification PD with/without FWB, physiotherapy

Age and experience in ICU In years

Socio-demographic data of the patients Gender Female, male, other

Weight In kilograms

Size In centimetres

Medication Catecholamines, analgesia, catecholamines
and analgesia, no medication

Form of ventilation Invasive, non-invasive, no ventilation

Ventilation access Tube, tracheostomy, NIV mask, high-flow
therapy, no ventilation access

Inlet and outlet drains/catheters Number and location

Work organisation Preparation, execution, follow-up time In minutes

Mobilisation aids Anti-slip mat, slide mat, bed gallows, slide
board, bed sheet, mobilisation chair, bed
bicycle, forearm walker, commode chair,
VEMOTION®

Persons involved Number of mobilising specialist staff

Application of kinaesthesia Yes/no

Posture of the mobilising specialist staff Back flexion lumbar spine Bent, straight

Upper body forward tilt in the cervical
spine/thoracic spine

< 20°, 20°–60°, > 60°

Knee Bent, straight

Foot position Parallel stance, step stance, fencer stance

Foot position in relation to the patient bed Parallel (0°), oblique (< 90°), lateral (> 90°)

Shoulder posture Shoulder elevation, neutral position

Evasive movements upper body Lateral, rotation, lateral rotation

Subjective assessments of the users Psychological stress (PSaR) Numerical scale 0–10

Feasibility Numerical scale 1–7

The study description is based on the checklist for obser-
vational studies “STrengthening the Reporting of OBserva-
tional studies in Epidemiology” (STROBE) [16].

2 Objectives

The study aims to test the VEMOTION® robotic system
during mobilisation in an intensive care unit (ICU) setting.

The following research questions served as the guiding
principles:

1. What differences can be observed in terms of the psy-
chological strain or relief experienced by mobilising

specialist staff during conventional mobilisation com-
pared to mobilisation with the VEMOTION® robotic
system?

2. What are the effects on patient-, user-, and process-
related aspects of testing the robotic system VEMO-
TION® formobilising patients in the intensive care unit?

3 Methods

3.1 Study Design

This is a prospective observational study conducted at a sin-
gle center, with data collected at two time points. The study
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Fig. 2 Study design of the
longitudinal study (own
presentation)

Surveys on 
conventional 
mobilisation 

Surveys on robot-
assisted mobilisation

Surveys on robot-
assisted mobilisation 

(routine users)

Clinical testing of VEMOTION® 

 T1    T2         Follow-up 

Table 2 Absolute and relative frequencies of the observations in T1
(conventional mobilisation) and T2 (robot-assisted mobilisation) (own
presentation)

Survey point Number of observations
absolute/relative frequency

T1 (conventional mobilisation) n � 35/32.1%

T2 (robot-assisted mobilisation) n � 55/50.5%

Follow-up (robot-assisted
mobilisation—with routine)

n � 9/8.2%

T1 excluded n � 5/4.6%

T2 excluded n � 5/4.6%

Total n � 109/100%

was conducted fromAugust 2021 toApril 2022 in two anaes-
thesiologically managed intensive care units of a German
university hospital that treats approximately 500,000 patients
per year in two locations [17]. The range of the anaesthesio-
logical intensive care units includes follow-up treatment after
urological, gynaecological, general, and trauma surgery, as
well as following organ transplants (Table 1).

A total of 109 standardised non-participant observations
of mobilisations were carried out [18], distributed across the
two data collection points, T1 and T2, and a follow-up (see
Fig. 2). Ten of these observations were excluded during the
study (see Table 2). Ninety of the observations included in
the data analysis were records from the T1 and T2 data col-
lection points, and nine mobilisations were observed within
the follow-up group. The observations were analysed using
descriptive statistics.

The selection of a quantitative approach for this study
allows for objective measurement and statistical analysis of
the physical and psychological strain experienced by staff
during mobilisation. This method provides clear, quantifi-
able data that can be used to assess the effectiveness and
impact of the VEMOTION® robotic system compared to
conventional mobilisation techniques. The use of descriptive
statistics enables the identification of specific areas where

the robotic system can alleviate strain, offering concrete evi-
dence to support its implementation.

Involving stakeholders from the field, particularly nurses,
was crucial as they are the primary users of the mobilisation
system. Their practical insights and experiences are invalu-
able in evaluating the system’s effectiveness and usability.
By involving mobilising specialists in the study, the anal-
ysis reflects real-world conditions and challenges, making
the findings more relevant and applicable. Their contribu-
tions provide both a practical perspective, highlighting the
operational feasibility and efficiency of the robotic system
in actual clinical settings, and a user experience perspective,
assessing how user-friendly and supportive the system is in
reducing physical and psychological strain. Focusing on the
physical and psychological strain of staff is particularly rel-
evant given the current personnel shortage in Germany [5].
Mobilising specialists in better physical andmental states are
more capable of providing high-quality care, which directly
benefits patient outcomes. By addressing the strain on staff,
the study aims not only to improve their well-being but also
to enhance the overall quality of patient care. This dual focus
on staff and patient outcomes underscores the importance
and relevance of our study.

4 Sample/study Participants

4.1 Mobilising Specialist Staff

Nurses and physiotherapists with a minimum of three years
of professional experience in an intensive care unit, along
with nurses with specialist further training in anaesthesia and
intensive care (in accordance with the specifications of the
Deutsche Krankenhausgesellschaft; DKG), were planned to
be included.Additionally, all participants had to be employed
at the University Hospital LMUMunich, Germany, working
in the project wards, and had to consent to the observation.
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Fig. 3 Observation situation during the training of a new observer to the
implementation of standardised observation

4.2 Group Composition (T1, T2 and Follow-Up
Group)

At both T1 and T2, study participants were selected based on
their shifts and mobilisation activities and asked to consent
to participate. After consenting, the mobilising profession-
als were then observed during conventional or robot-assisted
mobilisations. Participants who were already familiar with
the use of the robotic system and had previously consented
to participate in the study during the T2 observation were
observed again during a follow-up.

4.3 Patients

The study included only adult patients aged eighteen years
and abovewhowere scheduled for an intensive care stay after
surgery, as this was the most suitable time for planning and
obtaining informed consent. A homogeneous composition
with regard to the surgical intervention was considered, and
further inclusion criteria included an expected duration of
ventilation of at least 48 h, a height between 1.50 m and
1.95 m, and a weight between 45 and 135 kg.

5 Data Collection and Evaluation

Data collection was carried out using standardised, non-
participant observations during different mobilisation meth-
ods bymobilising specialist staff in the intensive care setting.
This enabled the observation of participants in their working
environment (field observation) [19]. Observers were visi-
ble and present at all times for the mobilising specialist staff
and explicitly acted as researchers during data collection [20]
(see Fig. 3).

All observers were thoroughly trained. The training
included detailed instructions and practice sessions to ensure
that every observer understood the practical challenges and

study objectives. Only those who were either physiothera-
pists or nurses with professional experience in intensive care
units were allowed to observe.

In the process of operationalising the phenomena “per-
ception of psychological and physical stress”, the stan-
dardised observation sheet was initially created. Preparation
was based on a previously conducted systematic literature
research and evaluation of the preliminary studies performed
within the framework of the MobiStaR project [9, 13, 15].
The relevant variables and their variations were identified
before designing the observation sheet. This initial step
involved determining which specific factors needed to be
observed and measured during the mobilisation process.
Variables were selected based on prior literature, expert con-
sultations, and the study’s objectives.

Once the relevant variables were identified, the observa-
tion sheet was designed to include these variables along with
explanatory illustrations for quick and uncomplicated use
and uniform documentation [19]. The primary focus of the
observation was always on the person who took the leading
role in mobilisation. This role was determined before mobil-
isation was performed and documented in the observation
sheet.

The observation sheet was designed directly by the
researchers. It was then reviewed and adapted to the ques-
tions in collaboration with other researchers from the field of
intensive care and physiotherapy. During the pretest phase,
the observation sheet was subjected to practical testing to
ensure the variables were effectively operationalised. Oper-
ationalising involved translating the identified variables into
measurable indicators and ensuring they could be consis-
tently and accurately recorded by different observers. Two
researchers applied the survey instrument in parallel, using
the same sample drawn from the population of interest. They
then reflected on the perspectivity, selectivity, and construct-
edness of the observation process. The same results were
obtained, confirming the reliability of the procedure. Inter-
rater reliability was checked and accepted without further
testing.

Furthermore, the designed observation sheet was tested
by five persons from the fields of nursing science and nurs-
ing practice as well as physiotherapy, within the scope of an
expert validation and consent for the first form of content
validity, or apparent validity [21]. In addition, the observa-
tions in the pretest could be practicably documented on the
survey form, and the two initial researchers rated the contents
of the observation sheet as comprehensible and appropriate.
Due to the standardisation of the observation sheet, the qual-
ity criterion of objectivity of implementation was considered
to be fulfilled, and further adaptation of the observation sheet
was not necessary [21]. No further psychometric tests for
validity and reliability were conducted within the scope of
this study.
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6 Description of the Observation Sheet

The standardised data collection form comprises basic data,
anonymised data of the test persons, process-related data on
mobilisation duration and work organisation as well as vari-
ables on body postures of themobilising specialist staff, their
subjective assessment of psychological stress and relief, and
feasibility of robot-assisted mobilisation. Table 1 lists the
constructs, the respective variables, and their characteristics.

The time of the survey defined the start of the observation
and was assigned to the nursing shift (morning shift: 6:00
AM—2:00 PM and afternoon shift: 2:00 PM—10:00 PM).

The professional qualification of the mobilising specialist
staff (users) was differentiated into “nursing service (PD)
with and without specialist further training in anaesthesia
and intensive care (FWB)” and “physiotherapy (PHYS)”.

Patient-related variables included height in centimetres
and body weight in kilograms, from which the “Body Mass
Index” variablewas calculated. In a further step, a categorical
variable was formed, based on the WHO classification [22]:

• Underweight (BMI < 18.5 kg/m.2)
• Normal weight (BMI 18.5–24.9 kg/m.2)
• Overweight (BMI 25.0–29.9 kg/m.2)
• Obesity (summarising classes 1–3) (BMI > 30 kg/m.2)

In addition to recording the type of ventilation and access
aswell asmedication, drains and catheterswere documented,
completing the picture of the patient´s situation within the
framework of the research question.

One focus of the study was to capture differences based
on user- and process-related criteria. Process times for the
duration of mobilisation (preparation, execution, and follow-
up), the use of mobilisation aids, and the involvement of
additional persons, as well as the body posture of the mobil-
ising specialist staff during mobilisation, were documented
for this.

The subjective assessment of psychological stress (PSaR)
was recorded using a 10-point numerical scale with the vari-
ations of 0 � “no stress”, 10 � “very severe stress”.

Additionally, the subjective assessment of the mobilising
specialist staff for the feasibility of the robot-assisted mobil-
isation was surveyed using a 7-point numerical scale (1 �
“not feasible at all”, 7 � “highly feasible”).

Data analysis was performedwith the IBM statistical soft-
ware SPSS® version 29.Microsoft Excel® forMAC version
16.72 was used for the graphical preparation.

6.1 Statistical Methods

The information collected in writing from the observation
sheetwas transferred into an analysable, digital format, coded
and converted for data analysis. For this purpose, a raw data

setwas created in tabular form inMicrosoft Excel forMAC®,
the variables and their numerical coding were defined in
a code plan. Missing or implausible values were cleaned
up and then imported into the statistics programme SPSS®
[23]. On enhance data quality, two independent researchers
entered the data, verifying each other’s entries. Themeasure-
ment level of the variables is predominantly nominal-scaled.
Socio-demographic and process variables have ametric level
of measurement, while numerical scale surveys have an ordi-
nal level of measurement.

Subsequently, the data setwas described based on absolute
and relative frequencies, as well as position measures such
as the arithmetic mean, median, minimum, and maximum,
range, and standard deviation [24]. The datawere checked for
normal distribution as a prerequisite whether parametric or
non-parametric procedures need to be applied. For this pur-
pose, the data were graphically examined using a histogram
and boxplots, and finally confirmed using the Kolmogorov
Smirnov test [25]. Due to the absence of a normal distribu-
tion in the data, the Mann–Whitney U test, a non-parametric
alternative to the T-test for two independent samples, was
employed to analyse possible differences between conven-
tional and robot-assisted mobilisation [26]. For correlations
between conventional and robot-assisted mobilisation, the
Kendall-Tau-b correlation coefficient was used. Ordinally
scaled data, which may not necessarily have an equivalent
distance between categories but can be arranged in a natural
order, can be assessed for correlations using Kendall’s rank
correlation coefficient [26]. A 95% confidence interval with
a p-value < 0.05 was chosen for the data analysis [25].

7 Results

7.1 Basic Data

Table 2 displays the survey points’ duration and the corre-
sponding mobilisation methods, along with the absolute and
relative frequencies of the observations. It also highlights the
cases excluded due to missing inclusion criteria. Five obser-
vations were excluded at each of the survey points T1 and
T2 due to the inclusion criteria “specialist training in anaes-
thesia and intensive care” or “nurse with at least three years
of experience in intensive care”, as the users did not meet
these criteria. During the COVID-19 pandemic, anaesthetic
technical assistants, who typically work only in the operating
theatre, were deployed to intensive care units to assist due to
staff shortages. As elective surgeries were cancelled, these
professionals were reassigned to intensive care units and the
ten observations were conducted with these individuals.

At the time of conducting the observations, it was unclear
how to handle this unplanned professional group within the
study. Therefore, these cases were included initially but were
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Table 3 Age, gender,
professional qualification, and
intensive care experience of the
users in T1 (conventional
mobilisation) and T2
(robot-assisted mobilisation)
(own presentation)

Age in years ICU experience in years

T1 Female
PD with FWB n � 9
PD without FWB n � 13

Mean value 31.23 7.09

Median 31.50 6.00

Std. deviation 4.73 4.13

Minimum 24 3

Maximum 45 20

Male
PD with FWB n � 7
PD without FWB n � 6

Mean value 33.00 7.38

Median 31.00 6.00

Std. deviation 9.47 2.87

Minimum 20 3

Maximum 58 12

T2 Female
PD with FWB n � 28
PD without FWB n � 6

Mean value 33.21 7.24

Median 31.50 6.00

Std. deviation 7.00 5.38

Minimum 24 3

Maximum 54 25

Male
PD with FWB n � 9
PD without FWB n � 12

Mean value 35.19 11.14

Median 33.00 8.00

Std. deviation 7.94 8.94

Minimum 25 3

Maximum 55 33

Table 4 Type of ventilation and
ventilation access of the patients
in T1 (conventional mobilisation)
and T2 (robot-assisted
mobilisation) (own presentation)

Date of survey Form of ventilation Ventilation access Total

Tube Tracheostomy NIV mask

T1
n � 14

Invasive n � 2/15.4% n � 11/84.6% n � 0/0.0% 13

Non-invasive n � 0/0.0% n � 0/0.0% n � 1/100% 1

T2
n � 33

Invasive n � 24/75.0% n � 8/25.0% n � 0/0.0% 32

Non-invasive n � 0/0.0% n � 0/0.0% n � 21/100% 1

subsequently excluded based on our predefined inclusion and
exclusion criteria once we had the opportunity to review and
analyse the collected data in detail.

In total, the observed mobilisations were exclusively
carried out by nurses (62.2% female, 37.8% male). Physio-
therapists did not participate in the observed mobilisations.

The observations occurred more frequently during the
afternoon shift (70.0%) than in the morning shift at both
survey points regarding the time of mobilisation.

7.2 Socio-Demographic Data of the Users

At both survey points, there were more female nursing pro-
fessionals (T1: 22/62.9% vs. T2: 34/62.2%) than male, and
more female nurses with specialist training (n � 37) than
male nurses (n � 16) at both survey points. The relative pro-
portion overall of nurses with specialist training (PD with

FWB) was 58.9%, and the average age was 33.1 years (±
24.9/13.1; SD � 6.89). The nurses without further training
were younger on average (mean � 32.00 ± 13.0/12.0; SD
� 5.50) and had a shorter intensive care experience (mean
� 6.21 ± 13.79/3.21; SD � 3.56) than those with further
training.

Table 3 reflects the socio-demographic data of the users,
including specialist training, age, and intensive care experi-
ence, differentiated by the time of survey and gender.

7.3 Socio-Demographic Data of the Patients

Patients were, on average, 56.3 years old (± 11.7/20.3) and
50.0% female (n � 45).

The mean BMI in survey T2 was with 23.0 kg/m2 slightly
higher than in survey T1 (22.7 kg/m2). Normal-weight
patients represented the largest group overall (52.2%) and
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were differentiated by observation time points T1 (n � 20:
57.1%) and T2 (n � 27: 49.1%). There were more under-
weight subjects during robot-assisted mobilisation at survey
time T2 (n � 13: 23.6%) than during conventional mobilisa-
tion (n� 4: 11.4%). At the survey time point T2, ten (18.2%)
overweight patients weremobilisedwith the assistance of the
VEMOTION®, compared to eight (22.9%) patients with a
BMI between 25.0—29.9 kg/m2 during conventional mobil-
isation.

With regard to medication, only the documentation of
medication for analgesia, catecholamines, and simultaneous
administrationof bothgroupsofmedicationwasobserved. 33
patients (60.0%) were analgosedated at T2, while only four
patients (11.4%) were analgosedated during conventional
mobilisation. Half of the patients (n � 28: 50.9%) mobilised
with the VEMOTION® received circulatory support with
catecholamines. This was necessary for only thirteen patients
at the survey point T1 (37.1%). During conventional mobil-
isation, however, more than half of the patients (n � 18:
51.4%) did not receive any analgosedation or catecholamine.
At the time of robot-assisted mobilisations, only thirteen
patients (23.6%) were neither analgosedated nor did they
need any catecholamine.

Eleven (84.6%) of the thirteen invasively ventilated
patients in T1 had a tracheostomy and only two (15.4%) had
a tube. During robot-assisted mobilisation (T2), significantly
more of the 32 invasively ventilated patients (n� 24: 75.0%)
were fitted with a tube than with a tracheostomy.

Table 4 shows the absolute and relative distribution of the
variables ventilation mode and ventilation access differenti-
ated by T1 and T2.

There were a total of 28 mentions of ingoing and outgo-
ing tubes in T1 and 71 in T2. Table 5 shows the absolute
frequencies sorted by drains, ingoing catheters, and extra-
corporeal therapy devices.

7.4 Work Organisation

The process-related data on the organisation of work were
documented based on the time required in the process
steps of preparation, execution, follow-up and the calculated
total duration of mobilisation, the number of specialist staff
mobilising, and the aids used as well as the application of
kinaesthesia.

Significant differences were evident in the time required
between conventional and robot-assisted mobilisation in all
sub-steps of mobilisation. Figure 4 shows the median time
required in minutes, differentiated by preparation, execution,
follow-up, and total duration of mobilisation.

The Mann–Whitney U test was used to demonstrate sig-
nificant and high effect sizes (in accordance with Cohen)
[26] between the times required for conventional and robot-
assisted mobilisation. The greatest difference between T1 (n

Table 5 Inlet and outlet drains, catheters, and extracorporeal therapy
devices in T1 (conventional mobilisation) and T2 (robot-assistedmobil-
isation) (own presentation)

Inlet and outlet
drains and
catheters

Number/type Survey point
T1

Survey point
T2

Chest drains 1 2 8

2 2 8

> 2 2 32

Pulmonary
catheter

Yes 1 14

Extracorporeal
devices

ECMO 1 0

Haemodialysis 5 0

Other drains 1 3 13

2 4 6

> 2 8 0

46.9

18.3

20.5

8.5

17.9

4.1

10.3

3.4

0.0 10.0 20.0 30.0 40.0 50.0

Total duration

Preparation time

Execute time

Follow up time

Mean in minutes

T1 (n=35) T2 (n=55)

Fig. 4 Average time of preparation, execution, follow-up and total dura-
tion inminutes in T1 (conventionalmobilisation) and T2 (robot-assisted
mobilisation) (own presentation)

� 35) and T2 (n � 55) was seen in the preparation time (see
Table 6).

A bed sheet was used as a support during conventional
mobilisation (n � 7) and a slide board was used in two cases
while the users did not use any other aids besides the VEMO-
TION® during robot-assisted mobilisation. These aids were
used to transfer patients in bed or to transfer them to another
therapy device, such as a mobilisation or therapy chair. In
three observations, patients were assisted in walking by a
forearm walker.

In terms of staffing, two nurses were involved in most
mobilisation cases at all survey points (T1 n � 20: 57.1%;
T2n� 42: 76.4%). In twelve cases (34.3%) a nursemobilised
the patients conventionally without the VEMOTION® (T1)
without further staff support. By comparison, seven robot-
assisted mobilisations (12.7%) were performed by a nurse
without further staff support at survey point T2. Three or
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Table 6 Results of the Mann–Whitney U test for process times (own
presentation)

Preparation
time

Execution
time

Follow-up
time

Mann–Whitney U
test

24.500 128.500 140.000

Z − 7.778 − 7.002 − 6.841

Asymp. sig.
(2-sided)

< 0.001 < 0.001 < 0.001

Effect severity r 0.82 0.74 0.72

Table 7 Back flexion in the thoracic and lumbar spine, absolute and
relative frequencies in T1 (conventional mobilisation) and T2 (robot-
assisted mobilisation) (own presentation)

Variable Variation Absolute/relative frequencies

Survey point T1
n � 35

Survey point T2
n � 55

Flexion
Thoracic
spine area

< 20 degrees n � 12/34.3% n � 21/38.2%

20–60 degrees n � 19/54.3% n � 32/58.2%

> 60 degrees n � 4/11.4% n � 2/3.6%

Flexion
Lumbar spine
area

Straight n � 19/54.3% n � 30/54.5%

Bent n � 14/40.0% n � 25/45.5%

Missing values n � 2/5.7% n � 0/0.0%

more persons were rather the exception during conventional
(n � 3: 8.6%) and robot-assisted mobilisation alike (n � 6:
10.9%).

The use of kinaesthetic techniques during mobilisation
was examined as well. There were no major differences
between the mobilisation methods. Use of kinaesthesia was
observed in six (17.6%) nurses during conventional mobil-
isation. Eight (15.4%) nurses used kinaesthetic techniques
for mobilisation with the VEMOTION®.

7.5 Posture of theMobilising Specialist Staff

Themost frequent variation of each posture of themobilising
person was documented when observing the postures of the
mobilising nurse.

Table 7 shows the flexion in the lumbar spine and thoracic
spines of the users during survey points T1 and T2. Only a
marginal difference in flexion in the lumbar spine was found
between conventional (n � 14: 40.0%) and robot-assisted
mobilisation (n � 25: 45.5%). Upper body inclination in the
thoracic spine to 20–60 degreeswas also nearly unchanged in
T1 (n � 19) with 54.3% and in T2 (n � 32) with 58.2%. The
lowest tilt of the upper body of < 20 degrees was observed
in 38.2% of robot-assisted mobilisations (n� 21) which was

similary frequent to that during conventional mobilisation (n
� 12: 34.3%).

In the observation sheet, evasive movements of the upper
body were defined as lateral flexion of the upper body,
rotation at the waist, their combined movement, or no eva-
sive movement. During fourteen conventional mobilisations
(40.0%) and eighteen mobilisations with the VEMOTION®
(33.3%), a combined evasive movement to the side and
rotating at the waist was observed. Whereas in ten of the
robot-assisted mobilisations (18.5%) an evasive movement
was observed rotating exclusively at thewaist, thismovement
was evident in six of the conventionally performed mobili-
sations (17.1%). No evasive movements were performed in
twenty robot-assistedmobilisations (37.0%) and in nine con-
ventional mobilisations (25.7%).

The observation of the leg posture was recorded based on
the flexion or extension of the knees, the position of the feet
in relation to each other, and the angle at which the mobilis-
ing specialist was standing in relation to the bed. The nurses
stood at an angle of more than 90 degrees to the bed only
once during both conventional and robot-assisted mobilisa-
tion (T1: 2.9%; T2: 1.9%). A position parallel to the bed
was documented most frequently in 45 robot-assisted mobil-
isations (83.3%). This parallel position to the bed was also
chosen most frequently by the nurses during conventional
mobilisation (n � 26) with 74.3%.

In both forms of mobilisation, the knees of the mobil-
ising persons were rather extended than bent, but in T1 (n
� 26) to a higher proportion (78.8%) than during mobilisa-
tion with the VEMOTION® (n � 36: 65.5%). The fencer
stance was recorded only once at T1 (2.9%), and during six
robot-assisted mobilisations in T2 (11.1%). Most frequently,
a parallel stance could be observed among the nurses during
mobilisations (T1 n � 26: 74.3%; T2 n � 41: 75.9%).

The most noticeable difference in the observation of the
postureswas recorded in the position of the shoulders. Shoul-
der elevationwas observed significantly less frequently in the
users during robot-assistedmobilisation (T2). Figure 5 below
shows that users pulled their shoulders upwards in two-third
of cases during conventional mobilisation (n � 24), while
users’ shoulders remained in a neutral position in nearly 70%
of robot-assisted mobilisations (n � 37).

7.6 Users’ Subjective Assessments of Psychological
Stress

The subjective assessment of psychological stress (PSaR) by
the mobilising specialist staff during mobilisation was con-
ducted using a 10-point numerical scale (0 � no stress, 10 �
very severe stress). On average, the users reported psycho-
logical stress of 3.24 (± 5.76/3.24; SD� 2.27) at both survey
points. At survey point T1, the mean was slightly lower (n �
35: 3.09± 3.91/3.09, SD� 1.884) than at survey point T2 (n
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Fig. 5 Percentage distribution of the variable “shoulder eleva-
tion/neutral position” in T1 (conventional mobilisation) and T2 (robot-
assisted mobilisation) (own presentation)

Table 8 Results of the Mann–WhitneyU test for subjective assessment
of psychological stress and relief in T1 (conventional mobilisation) and
T2 (robot-assisted mobilisation) (own presentation)

T1
PD with FWB (n � 16)
PD without FWB (n � 19)

T2
PD with FWB (n � 37)
PD without FWB (n � 18)

Mann–Whitney
U test

143.000 291.000

Z − 0.303 − 0.760

Asymp. Sig.
(2-sided)

0.762 0.502

� 55: 3.35± 5.65/3.35; SD� 2.503). Using theMann–Whit-
ney U test, no significant differences at the 0.05 significance
level were found between the two survey points T1 and T2
(U � 948.000; z �—0.121, p � 0.904).

Figure 6 displays the distribution of the subjectively
assessed psychological stress (0� no stress, 10� very strong
stress) differentiated based on the professional qualification
of the nurses with and without additional training at survey
points T1 and T2.

When differentiating based on the professional qualifi-
cation of the nurses, the position measures in T2 showed
marginal differences in robot-assisted mobilisation between
the groups of nurses with and without specialist training. The
Mann–Whitney U test shows no statistical significance here
(see Table 8).

The correlation between years of intensive care experience
and the age of the nurses and their subjective assessment
of psychological stress and relief (PSaR) was tested using
the Kendall-Tau-b correlation coefficient. There were no
significant results in T1 during conventional mobilisation.
However, at the point of the survey T2, a weak negative cor-
relation was found between the nurses’ time of experience
in an intensive care unit and their perception of psycho-
logical stress. The observed nurses with a longer period of

Table 9 Correlation coefficient Kendall Tau b of PSaR with age and
ICU-experience of users in years in T1 (conventional mobilisation) and
T2 (robot-assisted mobilisation) (own presentation)

Survey point Age in years of user ICU experience of user

T1 − 0.141 − 0.204

T2 − 0.040 − 0.270**

**The correlation is significant at the 0.01 level (two-sided)

experience in intensive care showed subjectively lower psy-
chological stress during robot-assisted mobilisation. Table 9
displays the results of the correlation coefficient Kendall Tau
b of the variable “Subjective assessment of psychological
distress and relief” (PSaR) with age and years of intensive
care experience for the mobilising nursing staff (users) at
both survey points.

Furthermore, the subjective assessment of the feasibility
of themobilisationwas additionally requested using a 7-point
numerical scale (0 � not feasible at all, 7 � very feasible)
at the point of the survey T2 to detect any changes in the
psychological stress during robot-assisted mobilisation with
the VEMOTION®.

When considering all users without differentiation in pro-
fessional qualification, it was found that individuals who
predominantly rated the feasibility of mobilisation with the
VEMOTION® as high assessed themselves as less psycho-
logically stressed than individuals who felt less able to per-
formmobilisationwith theVEMOTION® (PSaR/feasibility:
Kendall Tau b �—0.435, p � < 0.01, n � 54).

Regarding assessment of the feasibility of robotic mobil-
isation with the VEMOTION® in survey T2 between the
groups of nurses with and without specialist training (PD
with FWB: n � 36; PD without FWB: n � 18), however, the
Mann–Whitney U test showed no significant differences (U
� 313.500, z �—0.197, p � 0.844).

8 Results of the Follow-Up

The opportunity was taken to conduct nine observations of
routine users of the robotic system as part of a follow-up.
A total of nine robot-assisted mobilisations of routine users
could be observed. Despite the small number of cases, the
results will nevertheless be reported for selected variables in
the following descriptive and in comparison with the obser-
vations of survey point T2.

Patients in the follow-up group had an average age of
56.2 years (± 11.8/6.2; SD � 5.45), predominantly female
(n � 77.8%), and an average BMI of 22.9 (± 3.1/1.9; SD �
1.45).

Three out of nine (33.3%) nurses had specialist training
(PD with FWB), with an overall average age was 32.6 years
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Fig. 6 Distribution of subjective
psychological stress and relief
sorted by occupational
qualification in T1 (conventional
mobilisation) and T2
(robot-assisted mobilisation)
(own presentation)

(± 3.4/5.6; SD� 2.60). Notably, nurses with further training
were slightly younger on average (n � 6: 32.3 ± 3.7/5.3;
SD � 4.73) than nurses without further training in ICU (n
� 3: mean � 32.7 ± 1.3/1.7; SD � 1.37) but had longer
intensive care experience (mean � 10.0 ± 2.0/4.0; SD �
3.46) compared to those without further training (mean �
4.3 ± 1.7/1.3; SD � 1.37).

Regarding medication, seven patients were analgosedated
(77.7%), two of whom required catecholamines and two
patients (22.2%) required no medication. All four invasively
ventilated patients were on a tube. Four patients received
no ventilatory therapy and one patient was ventilated non-
invasively with an NIV mask.

There were a total of 22 mentions of inflow and outflow
drains or catheters. In all cases of the follow-up, hemodialysis
and two or more chest drains were documented.

There were nearly no differences between the follow-up
group and the observations in the T2 group regarding the
average time for preparation, implementation, follow-up and
total duration (total duration: T2: 46.9 min vs. follow-up
group: 46.3 min).

Regarding the number of mobilising specialists, in 77.8%
(n � 7) only one person without further support performed
the mobilisation with the VEMOTION®. This was the case
for non-routine users in only seven mobilisations (12.7%) at
the time of the survey T2. Kinaesthetic techniques were also
not used in the follow-up group (n � 6, 75.0%).

An upright back position was observed more frequently
in the postures during the follow-up compared to the survey
time point T2. Table 10 shows the flexion in the lumbar and
thoracic spine of the users during the survey times T2 and
follow-up.

Regarding the position of the shoulders, a neutral shoulder
position was observed most frequently among the experi-
enced users in the follow-up, as at the time of the T2 survey.

Table 10 Back flexion in the thoracic and lumbar spine, absolute and
relative frequencies in T2 (robot-assisted mobilisation) and follow-up
(own presentation)

Variable Variation Absolute/relative frequencies

Survey point T2
n � 55

Follow-up
n � 9

Flexion
Thoracic spine area

< 20 degrees n � 21/38.2% n � 5/55,6%

20–60 degrees n � 32/58.2% n � 3/33.3%

> 60 degrees n � 2/3.6% n � 1/11.1%

Flexion
Lumbar spine area

Straight n � 30/54.5% n � 7/77.8%

Bent n � 25/45.5% n � 2/22.2%

This was even the case for eight out of nine experienced users
in the follow-up (88.9%).

In the subjective assessment of the routine and nurses
on their psychological stress during mobilisation with the
VEMOTION®, only marginal deviations in the scatter mea-
sures were noticeable compared to group T2 (T2 n � 55:
mean � 3.35 ± 5.65/3.35; SD � 2.50; follow-up group n
� 9: mean � 3.22 ± 0.6.78/3.22; SD � 3.07). Regarding
the subjective assessment of feasibility in connection with
psychological stress, there was a higher correlation measure
among the routine users in the follow-up (Kendall Tau b �
− 0.743, p � < 0.01) than among the non-routine users in
group T2 (Kendall Tau b � − 0.435, p � < 0.01).

9 Discussion

This artic provides an overview of the possible physical and
psychological burdens and reliefs for the mobilising special-
ist staff in conventional and robot-assisted earlymobilisation.

There was a significant correlation between the psycho-
logical stress perceived by the mobilising personnel and the
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feasibility of robot-assisted early mobilisation. Psycholog-
ical stress perception was lower when early mobilisation
was assessed as feasible (PSaR/feasibility: Kendall Tau b
�—0.435, p � < 0.01, n � 54). This seems to remain
unchanged even when routine use of the robotic system has
already begun (Follow-up group: Kendall Tau b �—0.743,
p � < 0.01). This can be explained based on the secondary
evaluation of a stress stimulus in the sense of the transac-
tional stress model in accordance to Lazarus [27]. The model
describes that whether a specific stimulus leads to a stress
response or not depends on the individual’s evaluation using
three processes (primary, secondary, and tertiary evaluation).
Secondary assessment involves evaluating one’s own coping
skills and opportunities, where self-efficacy, i.e., confidence
in one’s abilities, plays a relevant role [28]. Applied to the use
of robot-assisted earlymobilisation, thismeans that individu-
als who feel confident in using the robotic system or perceive
its application as feasible rate themselves as less psycholog-
ically stressed.

The implementation of conventional early mobilisation
seems to be hindered by factors such as tube or ventilator
access or excessive analgosedation, among other things [29].
These barriers did not apply to robot-assisted early mobili-
sation investigated in this study. Significantly more patients
in the robot-assisted early mobilisation group were venti-
lated invasively with a tube (75.0%) in this study than in
conventional early mobilisation (15.4%). In addition, signif-
icantly more robot-mobilised patients were analgosedated
(T2: 60.0%; T1: 11.4%). Furthermore, significantly more
patients with drains and special accesses, such as a pul-
monary catheter, chest drains, or extracorporeal therapy
devices (ECMO, hemofiltration) were mobilised with the
robotic system than with the conventional method (T1: n
� 28; T2: n � 71). In the follow-up group, all patients had
at least one drainage and one haemodialysis. This shows that
the robotic system can also be used for seriously ill patients
without posing additional challenges for the nursing staff.

We included data on nursing shifts based on findings from
a preliminary studie, which indicated that mobilisations were
conducted during both early and late shifts. The morning
hours were often described as particularly stressful [15],
leading us to include this variable in our dataset to analyse
if this stress impacted early mobilisation concerning shifts.
Our results show that most mobilisations, both conventional
and robot-assisted, took place during the afternoon shift, sug-
gesting that in our study, the preference was for the late shift
where users had more time for mobilisations.

An average of two specialists were involved in each
mobilisation in both conventional and robot-assisted early
mobilisation. This need for personnel, which, in the context
of a possibly existing personnel shortage, has already been
examined as a barrier to the implementation of conventional
early mobilisation, should also be critically assessed for

robot-assisted early mobilisation [29]. However, the results
in the follow-up group show that in 77.8% of cases only one
nurse was involved in robot-assisted mobilisation. In com-
parison, only 12.7% of mobilisations in T2 were performed
by only one nurse. This suggests that routine users can utilise
the system more efficiently, which could lead to a reduction
in staff workload in the long term.

The study situation, with only nurses performing the
mobilisations, does not correspond to the results of stud-
ies that have investigated responsibilities in the performance
of early mobilisation. Nydahl et al. [14] and Mehler-Klamt
et al. [15] show that both nurses and physiotherapists share
equally responsibility for the mobilisation of critically ill
intensive-care patients. Despite the recognised value of inter-
professional collaboration in intensive patient mobilisation,
the involvement of physiotherapists in this study was not
possible. This was not due to a lack of interest or recognition
of the system’s potential benefits, but rather a direct result
of strategic decisions at the departmental level, prompted by
acute staff shortages and an already heavy workload.

Compared with robot-assisted early mobilisation, the
times for preparation, performance, and follow-up, as well
as the total duration of conventional early mobilisation, were
each significantly shorter than robot-assisted early mobili-
sation (total duration: T1: mean � 17.9 min; T2: mean �
46.9 min). The large amount of time required, in particular
in relation to the preparation of robot-assisted earlymobilisa-
tion (T1:mean� 4.1min; T2:mean� 18.3min), is attributed
to securing the safety belts and docking the robot to the hos-
pital bed. However, the fact that robot-assisted mobilisation
took an average of twentyminutes can be considered positive
for the patients since it adhered to the time specified by the
S3 guideline [2].

The lack of statistical effects of qualifications or com-
petence levels on the perception of stress by care staff is
consistent with other research studies [30]. However, the
professional experience of specialist staff appears to influ-
ence their psychological stress perception. For instance, this
study revealed that nurses with more extensive intensive care
experience rated themselves as less psychologically stressed
when using robot-assisted mobilisation than nurses with less
intensive care experience (intensive care experience/PSaR:
Kendall Tau b� −0.270, p� <0.01). This indicates that less
experienced nurses might require more support and training
to adapt to the new system effectively. Providing additional
training sessions, mentorship programmes, and stress man-
agement resources could help mitigate the psychological
stress experienced by less experienced nurses. Ensuring that
all staff members, regardless of their experience level, are
adequately supported during the transition to using robotic
systems is crucial for the successful implementation of such
technologies and for maintaining a healthy and productive
working environment. In the follow-up group, only three out
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of nine nurses had specialised training (33.3%). On aver-
age, these nurseswere slightly younger butmore experienced
in intensive care than their colleagues without further train-
ing. This indicates that experience in intensive care plays an
important role in the successful use of the robotic system.

The literature often reports a lack of aids for patientmobil-
isation, which is perceived as a major obstacle by mobilising
specialist staff [15, 31]. This study demonstrated that mobil-
isation with the VEMOTION® did not require the use of
any additional aids. In contrast, different devices were used
to transfer patients to mobilisation chairs in conventional
mobilisation. This can be challenging not only due to a
potential lack of available aids but also because transferring
to a therapy device can pose a safety risk to all involved
parties (specialist staff and patients) [32, 33]. The postures
adopted during the transferring to the therapy device are often
performed incorrectly, which can lead to back pain and, sub-
sequently, to musculoskeletal disorders [32, 33].

There were few relevant differences between robot-
assisted and conventionalmobilisations in terms of posture of
the mobilising specialist staff. During robot-assisted mobil-
isation, the upper body was bent less than 20 degrees in
the thoracic spine region with similar frequency compared
to conventional mobilisation (T1: 34.3%; T2: 38.2%). An
upper body tilt can increase strain on the back muscles
and is, therefore, a potential risk factor for back pain [34].
Rotation from the waist was also observed with a similar
frequency in robot-assisted and conventional mobilisation
(T1: 17.1%; T2: 18.5%). Notably, robot-assisted mobilisa-
tion exhibited fewer evasive movements overall compared to
conventional mobilisation (T1: 25.7% vs. T2: 37.0%). This
is remarkable because the robotic system is controlled, espe-
cially during preparation and follow-up, via a monitor that
requires repeated turning for the next step of execution. Eva-
sive movements such as rotation can exert additional strain
on the lumbar region. This strain can lead to lower back
pain and lumbar conditions such as herniated discs and other
musculoskeletal disorders [35–37]. Therefore, it is positive
that robot-assisted mobilisation is often performed without
evasive movements.

In general, care staff are at an increased risk of work-
related musculoskeletal disorders (WMSD), which can be
caused by incorrect movement patterns, among other factors.
In addition, mental pressure, such as stress, appears to have a
positive effect on the development of musculoskeletal disor-
ders (MSD) [38]. The shoulder area, neck, and lower back are
particularly susceptible [38]. A risk for manifestation in the
shoulder area, aside from the basic physical strain, is particu-
larly associated with mobilisation methods involving patient
transfers [32]. Therefore, incorrect movements, such as rota-
tion or shoulder elevation, should be avoided at all costs in
work processes. Shoulder elevation occurred less frequently

during robotic mobilisation in this study than during con-
ventional mobilisation (Shoulder protrusion in T1: 68.6% vs.
shoulder protrusion in T2: 32.7%), which can be viewed pos-
itively in relation to the development of WMSD. In general,
kinaesthesia can support the avoidance of incorrect move-
ments and thus reduce the risk of MSDs [39]. Kinaesthesia
was rarely used within this study, both in robotic and con-
ventional mobilisation (T1: 17.6%; T2: 15.4%).

More ergonomic patient handling can be achieved in the
step or fencer stance by shifting one‘s weight, thereby reduc-
ing back strain [33]. The fencer stance was more frequently
observed at observation points T2 than at T1 (fencer stance
T1: 2.9%; T2: 1%). However, it cannot be definitively con-
cluded from the results of this study whether this is directly
related to the robotic system. The foot position should gen-
erally be chosen to prevent rotation in the lumbar region,
as mentioned above. Additionally, bending the knees during
mobilisation helps alleviate strain on the back [33]. This was
observed less frequently than knee extension in both conven-
tional and robot-assisted mobilisation. The follow-up results
show that experienced users of the robotic system adopted
an upright posture more frequently and raised their shoulders
less often. This could indicate better ergonomics and less
physical strain. The subjective strain of the carers remained
largely unchanged, but the correlation betweenperceived fea-
sibility and mental strain was higher for routine users (T2:
Kendall Tau b �—0.435, p � < 0.01 vs. follow-up: Kendall
Tau b� − 0.743, p� < 0.01). This supports the assumption
that familiarisation with the system reduces subjective strain.

Overall, robot-assisted mobilisation was more ergonomic
and less stressful for the musculoskeletal system.

10 Limitations

The original goal of exclusively observing early mobilisa-
tions starting within the first 72 h after admission to the
intensive care unit [2] could not be consistently achieved due
to the restrictions caused by the Covid-19 pandemic. Teams
experienced increased turnover as nurses from other areas,
who were working on a limited basis due to the pandemic,
were deployed to the project ICUs in a supportive capacity.
This resulted a lack of consistency in the introduction to the
VEMOTION® robotic system and within the nursing team.

Furthermore, it was not possible to instruct physiother-
apists in the robotic system and thus include them in the
observations for staffing reasons. Thus, only nurses could be
instructed and observed, which contradicts the fact that both
nurses and physiotherapists are considered mobilising spe-
cialist staff [14, 15]. This limitation is particularly noteworthy
as it contrasts with the interprofessional approach typically
advocated in mobilisation of intensive-care patients, where
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both nursing and physiotherapy professionals are deemed
essential [14, 15].

Additionally, this is a monocentric study conducted in a
university hospital. The perspective of several university hos-
pitals as well as hospitals with different levels of care could
not be considered.

Due to use of non-participant observation, it cannot be
ruled out that the study participants adapted their behaviour
to the research situation, potentially affecting the results.
However, obtaining informed consent within the ethical
framework necessitated this approach.

The observation sheet underwent checks for initial con-
tent validity and intercoder reliability based on a systematic
literature search, pretest, and consensus by a panel of experts.
Therefore, further research is required to conduct psychome-
tric tests on the quality and reliability of the data collection
instrument.

Comparability between conventional and robot-assisted
mobilisation also cannot be fully illustrated, as the move-
ments generated by the robotic system cannot compre-
hensively replicate conventional mobilisation. Therefore,
mobilisation to sitting, walking, or standing were chosen
because the robotic system can perform verticalisation with
leg movement and these conventional mobilisations are clos-
est to the movement of the robot.

In comparison to survey point T1, feasibility was only
additionally queried for point T2 in the form of a 7-level
scale in order to evaluate testing of the new device in terms
of feasibility from the users’ perspective.

11 Recommendations for Further Research
and Practice

Based on the results regarding physical stress, it is recom-
mended to continuous training in kinaesthesia for mobilis-
ing specialist staff. This training helps to manage muscle
work, which is a relevant concern both in conventional and
robot-assisted mobilisation. Furthermore, when introducing
a robotic system, attention should be given to regular use to
establish a routine in handling the system. Routine seems to
reduce psychological stress and increase user acceptance of
robotic systems. Apart from this, all mobilising occupational
groups, including physiotherapists, should be familiar with
theuseof the robotic system for earlymobilisation topromote
multi-professional cooperation. This is because mobilising
intensive-care patients can be viewed as a multi-professional
task and thus requires the perspective of physiotherapy,
which can assess movement patterns much better than the
nursing staff.

In this study, a follow-upwith nine observations of routine
users of the robotic system was conducted. The follow-up
results are promising and indicate that the robotic system can

be a useful addition to conventional mobilisation in the long
term. The increase in efficiency and the potential reduction in
physical strain for users are important advantages that should
be investigated further. For future studies, it would be useful
to observe a larger sample of routine users.

A multicentric study would also provide a broader per-
spective on the burden and relief experienced. Furthermore,
examining the experiences in a qualitative design should be
reconsidered tomake the experiences ofVEMOTION®users
more transparent and to better understand the reasons for
non-acceptance or acceptance.

12 Conclusion

The fact that theVEMOTION®robotic system serves as both
a hospital bed and a therapy device offers numerous advan-
tages that positively impact the workload of the care staff.
There is noneed for patient transfer to a therapydevice,which
is associatedwith high safety risks, and eliminates the related
movement sequences, often performed incorrectly and linked
to back pain. Moreover, neither a ventilator tube nor patient
analgesia appears to pose obstacles to robot-assisted mobil-
isation. Additionally, mobilisation with the VEMOTION®
requires no use of additional aids, which are typically in short
supply on the wards.

Robotic early mobilisation with the VEMOTION® seems
to reduce physical strain since many physically demanding
movements are eliminated, and themobilising specialist staff
only need to assist with mobilisation before and after. How-
ever, the lengthy preparation and follow-up times for robotic
mobilisation can be seen as an additional effort that com-
plicates integration into the daily routine. This may lead to
reduced usage of the system and can impact user acceptance.

Acknowledgements We would like to thank the Federal Ministry of
Education and Research, Germany for funding the MobiStaR project,
within which this study was produced (Funding Number: 16SV842).

Authors’ Contributions Contributions to the conception: AMK, NK,
JH, IE. Contributions design of the work: AMK, NK. Acquisition
(Mobilising specialist staff): AMK, NK, JH, AW, IR. Acquisition
(Patients): LH, CS, IS,MZ. Analysis: NK. Interpretation of data: AMK,
NK, JH.Drafted thework:AMK,NK, JH,CO, IE. Substantively revised
the work: JH, AW, MG, JTB, LH, IS, CS, CO, EK, MZ, UF, IE. All
authors read and approved the final manuscript and agreed both to be
personally accountable for the author’s own contributions and to ensure
that questions related to the accuracy or integrity of any part of the
work, even ones in which the author was not personally involved, are
appropriately investigated, resolved, and the resolution documented in
the literature.

Funding Open Access funding enabled and organized by Projekt
DEAL. The study is part of the MobiStaR project, subsidised by the
Federal Ministry of Education and Research in the “Robotic Systems
for Care” funding line (funding number: 16SV842). The project was
running from January 2020 to July 2023.

123



International Journal of Social Robotics

Data Availability The datasets utilized for this study are not publicly
available due to IRB agreements; however, they are available from the
corresponding author on reasonable request.

Declarations

Conflict of interests The authors declare that they have no competing
interests.

Ethical Approval and Consent to Participate Before the study was
performed, the responsible ethics committee of the LMU university
hospital (21–0355), the data protection officer of the LMU university
hospital, and the hospital’s staff council approved the study. Patients
and mobilising specialist staff consented to participate in written form
in the sense of informed consent. Patients consented to participate before
a planned intensive care stay after surgery. We confirm that all methods
were performed in accordance with the relevant guidelines and regula-
tions as set out in the Declaration of Helsinki.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License,which permits use, sharing, adaptation,
distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Schweickert WD, Pohlman MC, Pohlman AS et al (2009)
Early physical and occupational therapy in mechanically venti-
lated, critically ill patients: a randomised controlled trial. The
Lancet 373(9678):1874–1882. https://doi.org/10.1016/S0140-67
36(09)60658-9

2. Deutsche Gesellschaft für Anästhesiologie und Intensivmedi-
zin e. V. (DGAI). S3-Leitlinie Lagerungstherapie und Mobil-
isation von kritisch Erkrankten auf Intensivstationen: Version
3.0., 25.07.2023. Verfügbar unter: https://register.awmf.org/de/le
itlinien/detail/001-015. Zugriff am: 27.07.2023 2023.

3. Ding N, Zhang Z, Zhang C et al (2019) What is the optimum
time for initiation of early mobilization in mechanically ventilated
patients? A network meta-analysis. PLoS ONE 14(10):e0223151.
https://doi.org/10.1371/journal.pone.0223151

4. Engel HJ, Needham DM, Morris PE, Gropper MA (2013) ICU
early mobilization: from recommendation to implementation at
three medical centers. CRIT CAREMED 41(9):69–80. https://doi.
org/10.1097/CCM.0b013e3182a240d5

5. Bundesministerium für Gesundheit (BMG) (Hrsg.). Beschäftigte
in der Pflege: Verfügbar unter: https://www.bundesgesundheitsm
inisterium.de/themen/pflege/pflegekraefte/beschaeftigte.html#:
~:text=Besch%C3%A4ftigte%20in%20der%20Pflege%201%
20Statistische%20Daten.%20…,der%20Kranken-%20und%20
Altenpflege.%20…%20Weitere%20Artikel…%20. Zugriff am:
14.02.2024; 2018 [cited 2021 December 13]

6. Mudge AM, Bew P, Smith S, McRae P (2020) Staff knowledge,
attitudes and behaviours related to mobilisation in a rehabilitation
setting: short report of a multidisciplinary survey. Aust J Ageing
39(3):225–229. https://doi.org/10.1111/ajag.12793

7. Letvak SA, Ruhm CJ, Gupta SN (2012) Nurses’ presenteeism
and its effects on self-reported quality of care and costs. Am J
Nurs 112(2):30–38. https://doi.org/10.1097/01.NAJ.0000411176.
15696.f9

8. Li X, Zhu W, Sui X, Zhang A, Chi L, Lv L (2022) Assessing
workplace stress among nurses using heart rate variability analysis
with wearable ECG device—a pilot study. Front Public Health.
https://doi.org/10.3389/fpubh.2021.810577

9. Warmbein A, Rathgeber I, Seif J et al (2023) Barriers and facil-
itators in the implementation of mobilization robots in hospitals
from the perspective of clinical experts and developers. BMCNurs
22(1):45. https://doi.org/10.1186/s12912-023-01202-2

10. ReActive Robotics (2022) VEMOTION—Robotics and AI for the
ICU [Youtube]

11. Hülsken-Giesler M, Daxberger S (2018) Robotik in der Pflege aus
pflegewissenschaftlicher Perspektive. In: Bendel O (ed) Pfleger-
oboter. Springer Gabler, Wiesbaden, pp 125–139

12. Ohneberg C, Stöbich N,Warmbein A et al (2023) Assistive robotic
systems in nursing care: a scoping review. BMC Nurs 22(1):72.
https://doi.org/10.1186/s12912-023-01230-y

13. Mehler-KlamtAC,Huber J, SchmidbauerLet al (2023)DerEinsatz
von robotischen und technischen Systemen zur Frühmobilisation
von Intensivpatient_innen. Pflege 36(3):156–167. https://doi.org/
10.1024/1012-5302/a000891

14. Nydahl P, Dewes M, Dubb R et al (2016) Frühmobilisierung.
Zuständigkeiten, Verantwortungen, Meilensteine. Med Klin Inten-
sivmedNotfmed 111(2):153–159. https://doi.org/10.1007/s00063-
015-0073-4

15. Mehler-Klamt A, Huber J, Warmbein A et al (2022) Frühmobilisa-
tion von Intensivpatient*innen: Eine qualitativeAnalysemitmobil-
isierendemFachpersonal an einemdeutschenUniversitätsklinikum
zur Gestaltung, zum Verständnis und zu den Einflussfaktoren der
Frühmobilisation. QuPuG 9(2):94–103

16. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC,
Vandenbroucke JP (2008)Das strengthening the reporting of obser-
vational studies in epidemiology (STROBE-) statement. Notfall
Rettungsmed 11(4):260–265. https://doi.org/10.1007/s10049-008-
1057-1

17. LMUKlinikumMünchen (2023) Das LMUKlinikum; 2023 [cited
2023 May 30] Available from: https://www.lmu-klinikum.de/

18. Häder M (2010) Empirische Sozialforschung: eine Einführung. 2.,
überarb. Aufl. Wiesbaden: VS Verl. für Sozialwiss

19. Bortz J, Döring N (eds) (2006) Forschungsmethoden und Evalua-
tion. Springer, Berlin

20. LamnekS,KrellC (2016)QualitativeSozialforschung:MitOnline-
Materialien. 6, überarbeitete. Beltz, Weinheim, Basel

21. Moosbrugger H, Kelava A (2020) Qualitätsanforderungen an Tests
und Fragebogen („Gütekriterien“). In: Moosbrugger H, Kelava A
(eds) Testtheorie und Fragebogenkonstruktion. Springer, Berlin, pp
13–38

22. WHOConsultation on Obesity (2000) World Health Organization.
Obesity: preventing and managing the global epidemic: report of a
WHO consultation. Geneva:World Health Organization. Available
from: https://apps.who.int/iris/handle/10665/42330

23. Döring N, Bortz J (2016) Forschungsmethoden und evaluation in
den Sozial- und Humanwissenschaften. Springer, Berlin

24. Fahrmeir L, Heumann C, Künstler R, Pigeot I, Tutz G (2016) Uni-
variate Deskription und exploration von Daten. In: Fahrmeir L,
Heumann C, Künstler R, Pigeot I, Tutz G (eds) Statistik. Springer,
Berlin, pp 29–103

25. Bortz J, Schuster C (2010) Statistik für Human- und Sozialwis-
senschaftler: Limitierte Sonderausgabe : mit 70 Abbildungen und
163 Tabellen. 7, vollständig überarbeitete und erweiterte Auflage.
Springer, Berlin

26. Weiß C (2019) Basiswissen medizinische Statistik. 7. Vollständige
und überarbeitete. Springer, Berlin

123

http://creativecomm\penalty -\@M ons.org/licenses/by/4.0/
https://doi.org/10.1016/S0140-6736(09)60658-9
https://register.awmf.org/de/leitlinien/detail/001-015
https://doi.org/10.1371/journal.pone.0223151
https://doi.org/10.1097/CCM.0b013e3182a240d5
https://www.bundesgesundheitsministerium.de/themen/pflege/pflegekraefte/beschaeftigte.html#:~:text=Besch%C3%A4ftigte%20in%20der%20Pflege%201%20Statistische%20Daten.%20\protect \textellipsis ,der%20Kranken-%20und%20Altenpflege.%20\protect \textellipsis %20Weitere%20Artikel\protect \textellipsis %20
https://doi.org/10.1111/ajag.12793
https://doi.org/10.1097/01.NAJ.0000411176.15696.f9
https://doi.org/10.3389/fpubh.2021.810577
https://doi.org/10.1186/s12912-023-01202-2
https://doi.org/10.1186/s12912-023-01230-y
https://doi.org/10.1024/1012-5302/a000891
https://doi.org/10.1007/s00063-015-0073-4
https://doi.org/10.1007/s10049-008-1057-1
https://www.lmu-klinikum.de/
https://apps.who.int/iris/handle/10665/42330


International Journal of Social Robotics

27. Lazarus RS, Folkman S (1984) Stress, appraisal, and coping. 11
[print]. Springer, New York

28. Rusch S (ed) (2019) Stressmanagement. Springer, Berlin
29. Babazadeh M, Jahani S, Poursangbor T, Cheraghian B (2021) Per-

ceived barriers to early mobilization of intensive care unit patients
by nurses in hospitals affiliated to Jundishapur University of Med-
ical Sciences of Ahvaz in 2019. J Med Life 14(1):100–104. https://
doi.org/10.25122/jml-2019-0135

30. Jenkins R, Elliott P (2004) Stressors, burnout and social support:
nurses in acute mental health settings. J Adv Nurs 48(6):622–631.
https://doi.org/10.1111/j.1365-2648.2004.03240.x

31. Dubb R, Nydahl P, Hermes C et al (2016) Barriers and strategies
for early mobilization of patients in intensive care units. Ann Am
Thorac Soc 13(5):724–730. https://doi.org/10.1513/AnnalsATS.20
1509-586CME

32. Passali C, Maniopoulou D, Apostolakis I, Varlamis I (2018)
Work-related musculoskeletal disorders among Greek hospital
nursing professionals: a cross-sectional observational study. Work
61(3):489–498. https://doi.org/10.3233/WOR-182812

33. Soyka M (2000) Rückengerechter Patiententransfer in der
Kranken—und Altenpflege: ein ergonomisches Training. 1. Aufl.
Bern [u.a.]: Huber 2000

34. Freitag S, Fincke-Junod I, Seddouki R et al (2012) Frequent bend-
ing—an underestimated burden in nursing professions. Ann Occup
Hyg 56(6):697–707. https://doi.org/10.1093/annhyg/mes002

35. Jäger M, Jordan C, Theilmeier A et al (2014) Analyse der
Lumbalbelastung beim manuellen Bewegen von Patienten zur
Prävention biomechanischer Überlastungen von Beschäftigten im
Gesundheitswesen. Zbl Arbeitsmed 64(2):98–112. https://doi.org/
10.1007/s40664-013-0010-4

36. Seidler A, Bergmann A, Jäger M, et al. Cumulative occupa-
tional lumbar load and lumbar disc disease—results of a German
multi-center case-control study (EPILIFT). BMCMusculoskeletal
Disorders 2009; 10: 48 https://doi.org/10.1186/1471-2474-10-48

37. Da Costa BR, Vieira ER (2010) Risk factors for work-related mus-
culoskeletal disorders: a systematic review of recent longitudinal
studies. Am J Ind Med 53(3):285–323. https://doi.org/10.1002/
ajim.20750

38. Smith DR, Mihashi M, Adachi Y, Koga H, Ishitake T (2006) A
detailed analysis of musculoskeletal disorder risk factors among
Japanese nurses. J Safety Res 37(2):195–200. https://doi.org/10.
1016/j.jsr.2006.01.004

39. RoierM (2013) Kinästhetik–Konzept und Einsatzmöglichkeiten in
Gesundheitsberufen. In: Burger R, Wieland M (eds) Handbuch für
Gesundheitsberufe III. Ergonomie, Wien, pp 147–158

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Amrei Mehler-Klamt holds a Master’s degree in Education (M. Ed.)
with a specialisation in nursing from the University of Munich and
is a qualified nurse. She is currently a PhD student at Catholic Uni-
versity of Eichstätt-Ingolstadt, where she researches the introduction
of care robotics, particularly the VEMOTION® system, and its social
and organisational dynamics. Alongside her research work, she serves
as a lecturer in nursing practice at the Munich University of Applied
Sciences. Her primary research interests lie in the ethical and practical
integration of technological innovations into care environments, with
a focus on enhancing care quality and workforce sustainability.

Natascha Köstler is a research associate and programme coordinator
at the Chair of Nursing Science at the Catholic University of Eichstätt-
Ingolstadt. She holds an M.A. in Health and Nursing Management
and is currently enrolled in a Master’s degree programme in Advanced
Nursing Practice with a specialisation in Community Health Nursing.
Her current research focuses on technological systems in home care
arrangements.

Jana Huber is a research associate at the Center for Prevention and
Digital Health (CPD) at the Medical Faculty Mannheim, Heidelberg
University. Since July 2023, she has been coordinating the Pediatric
Shared Decision Making (PedSDM) project funded by the Innovation
Fund (G-BA). For the first time in Germany, the project is Investi-
gation which factors are relevant for the successful participation of
chronically ill children, adolescents and parents in routine paediatric
care. Previously, Jana Huber worked as a research assistant (2021 -
2023) at the Catholic University of Eichstätt-Ingolstadt in the BMBF-
funded project MobiStar and contributed to the integration of a robotic
system for the early mobilisation of patients in intensive care units.

Angelika Warmbein is a PhD student in clinical nursing research
from the Ludwig-Maximilians-University in Munich. She has con-
ducted research in the field of implementation science for robotics in
nursing. She holds a Master’s degree in Health Services Research and
Implementation Science in Health Care from the University of Heidel-
berg and a Bachelor’s degree in Health Economics from the University
of Cologne. Her main interest lies in the feasibility of interventions in
practice.

Ivanka Rathgeber, M.A., has many years of experience in intensive
care nursing and has been working at Ludwig-Maximilians-University
Hospital Munich since 2000. Since 2015, she has been employed in
the Department of Clinical Nursing Research and Quality Manage-
ment as a Quality Management Officer. She earned her Master of Arts
in Management of Organisations and Personnel in Healthcare from
the Hamburg Distance University of Applied Sciences. In her role as
a research associate at Ludwig-Maximilians-University Hospital, she
focused on the research projects MobiStaR and REsPonSe.

Marcus Gutmann is a Physiotherapist working at the Musculoskele-
tal University Center Munich at Ludwig-Maximilians-University
located in Munich. He obtained his BSc and MSc of Physiotherapy
at the University of Applied Science Osnabrück. His main interests
include applications in early mobilisations in intensive care Units and
behavioural change interventions of musculoskeletal disorders.

Dr. Johanna Theresia Biebl earned her medical degree in 2018
after studying at Ludwig-Maximilians-University Munich. She is a
resident at the Musculoskeletal University Center Munich at Ludwig-
Maximilians-University and specialises in pain medicine. Her main
research interests are innovative technologies in the rehabilitation of
chronic musculoskeletal diseases and the improvement of patient edu-
cation.

Dr. LucasHübner works as an anaesthetist in perioperative and inten-
sive care at the Ludwig-Maximilans-University Hospital in Munich.

PD Dr. Ines Schroeder is a Senior Physician in Intensive Care
Medicine working at the Ludwig-Maximilans-University Hospital,
Munich. Her medical interests lie in clinical intensive care research
with a focus on transplantation medicine, ARDS and ECMO.

123

https://doi.org/10.25122/jml-2019-0135
https://doi.org/10.1111/j.1365-2648.2004.03240.x
https://doi.org/10.1513/AnnalsATS.201509-586CME
https://doi.org/10.3233/WOR-182812
https://doi.org/10.1093/annhyg/mes002
https://doi.org/10.1007/s40664-013-0010-4
https://doi.org/10.1186/1471-2474-10-48
https://doi.org/10.1002/ajim.20750
https://doi.org/10.1016/j.jsr.2006.01.004


International Journal of Social Robotics

PD Dr. Christina Scharf-Janßen is a Senior Physician in Anaesthe-
sia and Intensive Care. The primary focus of her research group is the
personalised use of extracorporeal devices in critically ill patients.

Christoph Ohneberg is a doctoral candidate and research associate
at the Catholic University of Eichstätt-Ingolstadt. He earned his Mas-
ter’s degree in Health Services Research from the Applied Nursing
Science at the Catholic University of Munich. His research focuses on
the cocreative development and implementation of robotic assistance
systems, with a particular emphasis on qualitative research methodolo-
gies. His work bridges innovation and practical application, aiming to
advance the integration of technology in health care settings.

PD Dr. Eduard Kraft is Chair of the Department of Rehabilita-
tion at City Hospital Bogenhausen and teaches at the Department of
Orthopaedics and Trauma Surgery, Musculoskeletal University Cen-
ter Munich (MUM), Ludwig-Maximilians-University Munich. He is a
specialist in neurology and physical and rehabilitative medicine with
additional qualifications in geriatrics and pain therapy. His research
focuses on rehabilitation and chronic pain, in particular the chronic
regional pain syndrome (CRPS).

PD Dr. Michael Zoller is an anesthesiologist and intensivist
based in Munich, Germany, renowned for his expertise in critical
care medicine. He serves as a senior lecturer and clinician at the
Department of Anesthesiology at the Ludwig-Maximilians-University
of Munich. He earned his medical degree at Ludwig-Maximilians-
University Munich, where he also completed his doctoral research
in 2008, exploring the molecular interplay between monocytes and
endothelial cells. In 2020, he achieved his habilitation, presenting
groundbreaking work on optimising antibiotic dosing in critically ill
patients, which has significantly influenced therapeutic drug monitor-
ing practices in intensive care units. His research focuses on improving
outcomes for critically ill patients through innovations in therapeutic
drug monitoring, personalised antibiotic therapy, and early mobilisa-
tion strategies. As educator and speaker, he is actively involved in
mentoring the next generation of medical professionals and frequently
delivers lectures on advanced topics in critical care medicine.

Prof Dr. Uli Fischer is Head of the Department of Clinical Nurs-
ing Research and Quality Management at the Ludwig-Maximilians-
University Hospital, Munich in Germany and a full Professor of
Applied Nursing Science at the Catholic University of Munich. His
research group focuses on clinical nursing science, especially in the
areas of applying new technologies in nursing, patient-related out-
comes and nursing-related quality indicators. He is principal investi-
gator and project leader of several national and international research
consortia, author of numerous peer-reviewed publications, and lecturer
for university courses on the application of technology in nursing. He
is a registered nurse, a full qualified paramedic and holds a doctorate
in statistics/ epidemiology.

Prof. Dr. Inge Eberl is Professor of Nursing Science at the Catholic
University of Eichstätt-Ingolstadt and Head of the Institute of Nursing
Science at the Ludwig-Maximilians-University Hospital in Munich.
Sie earned her BSc and MSc in Nursing Science at the University
of Witten/Herdecke, where she also completed her doctorate in Nurs-
ing Science. Her research focuses on implementation and evaluation
research and development of evidence-based practice.

123


	Can Mobilising Specialists be Relieved by a Robotic System for the Early Mobilisation of Intensive-Care Patients? A Quantitative Longitudinal Study at Two Data Collection Points at a German University Hospital
	Abstract
	Abbreviations
	1 Background
	2 Objectives
	3 Methods
	3.1 Study Design

	4 Sample/study Participants
	4.1 Mobilising Specialist Staff
	4.2 Group Composition (T1, T2 and Follow-Up Group)
	4.3 Patients

	5 Data Collection and Evaluation
	6 Description of the Observation Sheet
	6.1 Statistical Methods

	7 Results
	7.1 Basic Data
	7.2 Socio-Demographic Data of the Users
	7.3 Socio-Demographic Data of the Patients
	7.4 Work Organisation
	7.5 Posture of the Mobilising Specialist Staff
	7.6 Users’ Subjective Assessments of Psychological Stress

	8 Results of the Follow-Up
	9 Discussion
	10 Limitations
	11 Recommendations for Further Research and Practice
	12 Conclusion
	Acknowledgements
	References


