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Abstract 

Background  Pressure ulcer prophylaxis is a central topic in clinical care. Pressure-relieving repositioning is strongly 
recommended for all pressure-sensitive patients. The Mobility Monitor (MoMo) is a technical device that records 
a patient’s movements and transmits the data to a monitor. This study investigated the extent to which the MoMo 
sensor system, which records and visualises patients’ movements in bed, supports nurses in performing pressure-
relieving repositioning in neurological and neurosurgical intensive care units (ICU).

Methods  This stepped-wedge cluster-randomised trial involved two clusters: one neurological and one neuro-
surgical ICU. The study was carried out in two steps over three periods between November 2018 and May 2019, 
with a two-month interval between each step. At the beginning of the study, we equipped 33 beds across the two 
ICUs with a MoMo system. Our primary endpoint was the immobility rate, which is defined as the patient’s inactive 
time in bed exceeding two hours without pressure-relieving movements divided by the time the MoMo was in the 
bed. The immobility rate ranges from 0 to below 1, with higher values indicating lower mobility. Secondary endpoints 
were the rate of new pressure ulcers and the rate of relevant pressure-relieving repositionings. Relevant reposition-
ings are defined as the number of repositionings identified by the MoMo as a pressure-relieving repositioning divided 
by the total number of repositionings,

Results  808 patients were included in the study, of whom 403 were in the control group and 405 were in the inter-
vention group.

The mean immobility rate was 0.171 during the control phase and 0.144 during the intervention phase. The estimated 
intervention effect was -0.0018 (95% confidence interval [-0.0471, 0.0436], p=0.94). The number of new pressure 
ulcers was 5/405 in the intervention phase and 15/403 in the control phase. We noted a small difference in the mean 
rate of relevant repositioningswith an estimated intervention effect of 0.046 (95% confidence interval [-0.018, 0.110], 
p=0.16).

Conclusion  Our results are insufficient to recommend the standardised use of mobility monitors in neurological 
or neurosurgical ICUs.

Clinical trial registration  The primary analysis was prespecified and the trial was registered in the German Clinical 
Trials Register (DRKS) under the reference number DRKS00015492 (31/10/2018).
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Introduction
Pressure ulcers
Pressure ulcers are defined as “… localized damage to 
the skin and underlying soft tissue usually over a bony 
prominence or related to a medical or other device” [1]. 
They continue to be associated with profound suffering 
for the patients affected, additional work for the nursing 
staff and high costs for the health care system [2]. Pres-
sure ulcer prophylaxis is thus a central topic in clini-
cal care. The development of pressure ulcers is a highly 
complex and individual process in which pressure and 
individual pressure tolerance, individual tissue reac-
tions, shear forces, the autonomous nervous system 
(and its anomalies), and the tissue’s recovery capacity 
are important factors [3–5]. In 2014, the European Pres-
sure Ulcer Advisory Panel (EPUAP), National Pressure 
Ulcer Advisory Panel (NPUAP) and Pan Pacific Pressure 
Injury Alliance (PPPIA) paid particular attention to the 
prevention of pressure ulcers in critically ill patients in 
their guideline “Prevention and Treatment of Pressure 
Ulcers”. Pressure-relieving repositioning is strongly rec-
ommended for all pressure-sensitive patients (strength 
of evidence = A; strength of recommendation = strong 
positive recommendation). The frequency of reposition-
ing depends on each patient’s situation and their tissue’s 
reaction to pressure [6]. In Germany’s “National Expert 
Standard on Pressure Ulcer Prevention in Nursing”, 
which was updated in 2017 by the German Network for 
Quality Development in Nursing, significant importance 
is attached to changing positions and relieving the pres-
sure on tissue [7]. However, studies have so far yielded 
inconsistent data regarding the intervals at which such 
repositionings should take place [8]. The only significant 
evidence on the frequency of changing positions suggests 
that a change in position helps prevent the development 
of pressure ulcers in general, regardless of the time inter-
val [9].

Nevertheless, the practice of consistently changing 
positions every two hours has long been recognised as 
an effective measure for relieving tissue pressure and 
preventing pressure ulcers [10]. The literature reports 
a wide range of compliance (38–54%) with the recom-
mended “two-hour change in position” [10–13]. Due 
to methodological differences in study designs, the 
reported numbers are not readily comparable. Patients 
in neurological and neurosurgical intensive care units 
(ICU) tend to be subject to movement restrictions, and 
are thus especially susceptible to pressure ulcers [13, 

14]. Suboptimal nurse-to-patient ratios [15], difficul-
ties in monitoring patient positioning and ineffective 
reminders regarding positioning [16] are discussed in 
the literature as possible obstacles to following the rec-
ommended repositioning frequency.

Technical aids can assist in detecting a patient’s 
movements in bed, facilitating the monitoring of 
repositioning by employing suitable reminder and 
alarm systems. The Mobility Monitor (MoMo) is pro-
duced by Swiss company compliant concept AG. The 
MoMo bed sensor is a technical device that records a 
patient’s movements and transmits the data to a moni-
tor. The MoMo provides staff with real-time informa-
tion on the frequency of movements and the patient’s 
pressure-relieving versus non-pressure-relieving move-
ments (micro-movements). A traffic light function on 
the monitor indicates when a specific time limit with-
out pressure-relieving movement has been reached. 
The MoMo promises to support caregivers in enabling 
precisely timed pressure-relieving repositioning that 
is adapted to individual movement patterns [17]. The 
MoMo consists of a sensor mat positioned centrally 
under the patient’s mattress, a control unit attached to 
the bed and a software-based monitoring unit located 
on the nurses’ ward. The system is able to distinguish 
between micro-movements and pressure-relieving 
changes in the patient’s position. Health care staff can 
press a button 10  min before or after they initiate a 
repositioning to assign it as a health care staff-initiated 
movement. This allows the control unit to differentiate 
between a health care staff-initiated movement and a 
patient independently repositioning themselves. A traf-
fic light system informs nursing staff about a patient’s 
pressure-relieving movements. If the patient has made 
enough pressure-relieving position changes within a 
specific period (e.g. two, three or four hours), the light 
will be green. If no pressure-relieving repositioning has 
occurred half an hour before the end of the designated 
period, the light will turn yellow. And if no pressure-
relieving repositioning has occurred at the end of the 
designated period, the light will turn red.

The MoMo has been tested in nursing homes, and in 
non-ICU inpatient medical and surgical units [18–21].

The present project was carried out to gain knowl-
edge about the MoMo’s use in neurological and neu-
rosurgical ICUs. We assumed that using a MoMo 
in neurological and neurosurgical ICUs would lead 
to more frequent and timelier pressure-relieving 

Keywords  Digital technology, In-bed sensor, Mobility monitoring, Nursing, Pressure Ulcer, Repositioning, Prevention, 
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repositioning of patients, thereby reducing the inci-
dence of pressure ulcers. The perspective of the health 
care staff was examined through a formative evalu-
ation conducted as part of an accompanying project 
[22].

Methods
Aim
The aim of this study was to investigate the influence 
of an in-bed mobility monitor on (1)  the immobility 
rate, (2)  the incidence of newly developed pressure 
ulcers, and (3)  the rate of relevant pressure-relieving 
repositionings initiated by health care staff in a neuro-
logical and neurosurgical ICU.

The immobility rate is defined as a patient’s inactive 
time in bed exceeding two hours without pressure-
relieving movements divided by the time the MoMo 
was in the bed. The rate ranges from 0 to below 1, 
with higher values indicating lower mobility. A score 
of 0 indicates that the patient’s immobility time during 
their time in bed never exceeded two hours. The rate 
of relevant repositionings is defined as the number of 
repositionings recognised by the MoMo as a pressure-
relieving repositioning divided by the total number of 
repositionings. Health care staff press a button on the 
MoMo to identify a movement as a health care staff-
initiated repositioning. We refer to the movements ini-
tiated by health care staff to prevent pressure ulcers as 
“relevant repositionings” if the MoMo considered the 
movements sufficiently tissue pressure relieving. The 
rate of relevant repositionings ranges from 0 to 1, with 
a higher value indicating more relevant repositionings.

Design and setting
This project was carried out using a cross-sectional 
stepped-wedge design (Dreischulte et  al., 2013; Hem-
ming & Taljaard, 2016) with two steps over three periods 
and two clusters (Fig. 1). The two clusters comprised one 
ICU each, namely one neurological and one neurosurgi-
cal ICU of the Medical Center – University of Freiburg 
in Germany. In contrast to a classic cluster-randomised 
trial, the stepped-wedge design offers the advantage 
of a comparatively small design effect, even with a lim-
ited number of clusters. Furthermore, all ICUs can ben-
efit from the intervention. Since two ICUs took part in 
this trial, there were three periods. First a control period 
which included both ICUs, and then two periods in which 
one ICU transitioned to the intervention phase per step. 
Since the trial was designed to last six months, the steps 
were taken after two and after four months. At the end 
of the first period, the ICUs were randomised, with one 
ICU remaining in the control phase and one switching to 
the intervention phase. This process was performed by 
opening a randomisation envelope at each ICU. To guar-
antee concealment of the randomisation, the envelopes 
were centrally prepared by the Clinical Trials Unit at the 
beginning of the study using the random number genera-
tor of the function uniform available in SAS version 9.2. 
The neurosurgical ICU had 15 beds and an average 3 to 1 
nurse-to-patient ratio, with 26 full-time equivalent (FTE) 
registered nurses (RN) and 7 FTE nurse aids (NA) work-
ing in the ICU. The main diagnoses in the neurosurgical 
ICU were intracranial or intracerebral bleedings and spi-
nal diseases. The neurological ICU had 16 beds and an 
average 3 to 1 nurse-to-patient ratio with 29 FTE RNs 
and 3 FTE NAs. The main diagnoses in the neurologi-
cal ICU were strokes and intracranial bleedings. On both 

Fig. 1  Clusters and allocation to study period
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ICUs, all patients receive physiotherapy and nurses are 
supported by physiotherapists in carrying out mobilisa-
tion activities. The mortality rates of the ICUs were 0.07% 
for the neurosurgical ICU and 0.05% for the neurological 
ICU. These contextual factors remained stable through-
out the six-month study period.

Sample
Because pressure ulcers can develop rather quickly, 
we included all patients hospitalised in the neurosur-
gical or neurological ICU who were in a bed with a 
MoMo, regardless of the duration of their stay. Reasons 
why patients were in beds without a MoMo and hence 
excluded from our study were: (1) Some beds could not 
be equipped with a MoMo, such as air beds with a fixed 
mattress and bariatric beds; and (2) patients were trans-
ferred from another unit while lying in a bed without a 
MoMo.

Intervention
At the beginning of the six-month study period, all 33 
beds in the two ICUs were equipped with a MoMo. After 
patients left the ICU, the MoMos were processed by sup-
ply assistants or nursing staff and placed back in the free 
beds ready for the next patient. Staff were instructed in 
the use of the MoMo by the manufacturer. A training 
video was also available to staff via the hospital intranet. 
Staff questions would be clarified during daily visits by 
members of the study team (study nurse or research 
assistant).

Both ICUs began with a blinded control phase (i.e. the 
MoMo recorded the patients’ movements, but nursing 
staff had no access to the data). After two months, one 
of the ICUs was randomly chosen to enter the inter-
vention phase in which the nursing staff could see their 
patients’ movement data using the MoMo. After another 
two months, the second ICU also entered the interven-
tion phase.

Throughout the entire study, the nurses followed the 
standard protocol, which has been in place since 1992, 
and has undergone frequent review and adaptation 
based on the latest evidence. All nurses receive regular 
mandatory training on the content and use of the stand-
ard protocol. Pressure ulcers are defined as “… localized 
damage to the skin and underlying soft tissue usually 
over a bony prominence, or related to a medical or other 
device. The injury can present as intact skin or an open 
ulcer and may be painful. The injury occurs as a result of 
intense and/or prolonged pressure or pressure in combi-
nation with shear” [1]. The standard protocol mandates 
a skin assessment within the first eight hours following 
admittance to the unit. Additionally, it advises macro 
movements to be conducted within four hours. All beds 

are constantly equipped with pressure-distributing mat-
tresses. An advanced practice nurse (APN) receives an 
automated report of all documented pressure ulcers 
with a description of the type and the localisation. The 
APN then evaluates the documentation, and if necessary 
makes an additional assessment of the pressure ulcer, 
provides feedback to the nurses and makes timely cor-
rections to the documentation. The study team presumed 
that the nurses would adhere to the standard protocol. 
The standard protocol did not change before or during 
the study period. The use of the MoMo was in addition to 
the standard protocol and was not integrated into it.

Data collection
Data was collected between 14 November 2018 and 20 
May 2019. Only the first admission of each patient was 
included in our primary analysis. No follow-up examina-
tion took place after each patient’s stay in a bed equipped 
with the MoMo. Data on mobility and repositioning 
was obtained from the MoMo records for the interven-
tion and control groups. Patient data, as well as data on 
pressure ulcers existing at admission and newly occur-
ring during the study, was taken from clinical records by 
scientific members of the study team and entered into 
the data management system secuTrial®. Neither the 
study team nor the scientists who analysed the data were 
blinded. The skin assessment and documentation fol-
lowed the hospital’s standard protocol.

Statistics
Descriptive analyses were performed by summaris-
ing continuous data using the arithmetic mean, stand-
ard deviation, and the number of complete and missing 
observations. Categorical data was summarised by the 
total and relative frequencies of patients in each category. 
All analyses were performed using SAS 9.4. All patients 
hospitalised in the neurosurgical or neurological ICU 
who were in a bed equipped with a MoMo were included 
in the analysis, as such the analysis followed an intention-
to-treat approach. The analysis was restricted to the first 
admission of all patients. An analysis of all ICU admis-
sions within the study (i.e. including the subsequent 
admissions of patients who were admitted to the ICU 
more than once) was conducted as a sensitivity analysis. 
The primary endpoint was analysed using a mixed linear 
model, including the ICU as a random effect, and fixed 
effects for the intervention, the study period and calen-
dar time (PROC MIXED). Calendar time was defined for 
each patient as the number of days between the start of 
the study and the patient’s admission to the ICU, and was 
included in the model to account for time effects. Analy-
ses of the secondary endpoint, “pressure-ulcer incidence”, 
were purely descriptive and evaluated using incidence 
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density rates per 10 days in bed. The third endpoint, the 
“rate of relevant pressure-relieving repositionings initi-
ated by staff”, was analysed using a mixed linear model, 
with the same covariates as for the primary endpoint, and 
interpreted in a descriptive sense (PROC MIXED).

Power calculations were based on the primary end-
point (i.e. inactive time in bed) proportional to the time 
the MoMo was in the bed. In the literature, a proportion 
of 46–62% immobility time (greater than two hours) was 
reported [10–13]. Due to the intense and longstand-
ing efforts of the nurses to reduce inactive time in bed, 
we assumed a lower immobility rate than reported in 
the literature. Additionally, the numbers reported in 
the literature have to be interpreted with caution due to 
methodological differences. For our study, we assumed 
an immobility rate of 0.30 with a standard deviation of 
0.15 during the control phase, based on data from a pilot 
study [23] and expert opinion. Internal data showed that 
each ICU treated approximately 1,500 patients per year, 
resulting in the treatment of a total of 1,500 patients dur-
ing the six-month study period (i.e. 250 patients per ICU 
per period). We assumed that 20% of patients would not 
fulfil the inclusion criteria and that no data would be 
recordable for 10% of eligible patients, resulting in an 
estimated 1,080 patients (72%) available for analysis. The 
design effect in a stepped-wedge design with two steps, 
250 patients per cluster per period and an assumed intra-
class correlation of 0.1 equals 4.02 [27]. This is the fac-
tor by which the available sample size had to be divided 
to get the effective sample size for achieving the same 
power as a study with an unclustered design. As such, 
the effective sample size was expected to be 270 for this 
study. Therefore, with a two-sided significance level of 
5%, this study had a power of 80.9% to detect a differ-
ence between interventions, assuming a real difference of 
0.052 (nQuery Advisor 7.0).

Ethical considerations
During the intervention phase, we cannot rule out that 
the MoMo devices convinced staff to remain inactive, 
when preventive action was needed. This contrasts with 
the expected advantages of precise positioning and of 
avoiding too few or excessive repositionings to prevent 
pressure-related tissue damage. In the control phase, 
care followed the accepted standard procedure while 
the study was conducted. Due to the MoMo’s design, the 
MoMo did not interfere with the patients’ comfort while 
lying in bed. The monitoring and recording of movement 
patterns were limited to micro and pressure-relieving 
movements, as well as movements initiated, supported 
and made by health care staff. This meant that only infor-
mation relevant to nursing care was collected and stored.

The primary analysis was prespecified and the trial was 
registered in the German Clinical Trials Register (DRKS) 
under reference number DRKS00015492 (31/10/2018). 
The study was submitted to and approved by our local 
university ethics committee (see DRKS Registration) on 
31 October 2018.

Results
Enrolment
During the study period, we had a total of 1,279 admis-
sions to the two ICUs. Of those, 862 (67%) admissions 
had a MoMo in the bed, corresponding to a total of 808 
patients. As only the first admission of each patient was 
included in our primary analysis, we excluded the sub-
sequent 54 admissions of 41 patients who were admitted 
to the ICU more than once (31 patients were admitted 
twice, eight patients three times, one four times and one 
five times). We carried out a sensitivity analysis of all 862 
admissions, which showed similar results. Of the 808 
patients, 403 were enrolled in the control phase and 405 
were enrolled in the intervention phase (Fig. 1).

Demographics and length of stay (with a MoMo)
Out of the 808 patients, 370 were female and 438 were 
male. In the neurosurgical ICU, the proportion of male 
patients was approximately 10% higher than that of 
females; in the neurological ICU, the distribution of 
genders was almost equal. The percentage of male and 
female patients differed only slightly between the control 
phase and intervention phase.

The age distribution varied widely from 16 to 97 years 
old. The mean age was within a similar range in the two 
ICUs and during the two study phases (Table 1).

Outcomes
Immobility rate
The immobility rate is defined as the patient’s inactive 
time in bed exceeding two hours without pressure-
relieving movement divided by the length of time the 
MoMo was in the bed. The immobility rate ranges 
from 0 to below 1, with higher values indicating lower 
mobility. The mean immobility rate was 0.171 during 
the control phase and 0.144 during the intervention 
phase (Table 2). However, when comparing the control 
phase to the intervention phase, one needs to consider 
that the percentage of patients from the neurosurgi-
cal ICU was 52% (209/403) in the control phase, but 
only 23% (93/405) in the intervention phase. Addition-
ally, it should be noted that the neurosurgical ICU had 
a higher immobility rate than the neurological ICU. 
In the linear mixed model, which accounted for this 
imbalance by considering the clustered design, and 
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adjusting for period and calendar time, the estimated 
intervention effect was − 0.0018 (95% confidence inter-
val [-0.0471, 0.0436], p = 0.94). Values below zero indi-
cate higher mobility in the intervention group. In the 
linear mixed model, the intraclass correlation (ICC) 
was estimated to be 0.105. This fits very well to the 
assumed ICC of 0.1 used in the sample size calculation. 

Therefore, the results indicate that the MoMo had no 
significant effect on the immobility rate.

Pressure ulcers
A pressure ulcer was observed upon admission in 30 
patients (15 in both the neurological and neurosurgical 
ICUs; 19 in the control phase and 11 in the intervention 
phase). The number of newly occurring pressure ulcers 
during the intervention phase (5/405 (1.2%)) was lower 
than during the control phase (15/403 (3.7%)) (Table 3). 
All pressure ulcers were rated as grade 1 or 2, using the 
EPUAP categorisation. The incidence density rate takes 
into account that the time with a MoMo and thus the 
time at risk of developing a pressure ulcer was not iden-
tical among patients. The incidence density rate was 
consistently higher in the neurosurgical ICU compared 
to the neurological ICU (Table 3). Within each ICU and 
in total, the incidence density rate was lower during the 
intervention phase (0.022 per 10 days the patient spent in 
bed) than during the control phase (0.070 per 10 days the 
patient spent in bed).

Rate of relevant staff‑initiated or supported repositionings
The rate of relevant repositionings ranges from 0 to 1, 
with a higher value indicating more relevant reposition-
ings. The mean rate of relevant repositionings was 0.70 
during the control phase and 0.68 during the interven-
tion phase (Table 4). In the linear mixed model, account-
ing for the clustered design, and adjusting for period and 
calendar time, the estimated difference of rates between 

Table 1  Patient demographics

* The hospital information system does not have a classification for non-binary people
a Intensive care unit; bStandard deviation

Gender* n Total n female / male % female / male

ICUa Neurosurgical 302 121 / 181 40.1 / 59.9

Neurological 506 249 / 257 49.2 / 50.8

Study phase Control 403 188 / 215 46.7 / 53.3

Intervention 405 182 / 223 44.9 / 55.1

Total 808 370 / 438 45.8 / 54.2

Age (Years) Mean Stdb

ICUa Neurosurgical 63.4 16.8

Neurological 68.9 16.5

Study phase Control 65.0 17.4

Intervention 68.7 16.1

Total 66.8 16.8

Time with MoMo 
(hours)

ICU Neurosurgical 107:24 167:13

Neurological 83:19 98:07

Study phase Control 93:34 140:53

Intervention 91:05 115:42

Total 92:19 128:48

Table 2  Immobility rates by ICU, period and study phase

a Intensive care unit; bStandard deviation;

Period ICUa Study phase Total Mean Stdb

Period 1 Neurosurgical Control 95 0.21 0.19

Neurological 194 0.13 0.14

Total 289 0.16 0.17

Period 2 Neurosurgical Control 114 0.21 0.17

Neurological Intervention 160 0.13 0.13

Total 274 0.16 0.15

Period 3 Neurosurgical Intervention 93 0.20 0.19

Neurological 152 0.12 0.12

Total 245 0.15 0.16

All periods Neurosurgical All study phases 302 0.20 0.18

Neurological 506 0.13 0.14

Total 808 0.16 0.16

All periods All ICUs Control 403 0.17 0.17

Intervention 405 0.14 0.15

Total 808 0.16 0.16
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intervention and control phase was 0.046 (95% confi-
dence interval [-0.018, 0.110], p = 0.16). Thus, the rate 
of relevant repositionings was slightly increased by the 
intervention, but the 95% confidence interval includes 
the value of zero. As no repositionings were recorded 
for 108 patients, no relevant repositionings were also 
recorded for these patients.

Discussion
In this stepped wedge, cluster randomized trial on two 
ICUs including 808 patients we observed no relevant 
effects of the MoMo on any of our measured outcomes.

As one of the reasons discussed in the literature for pro-
longed immobility time is ineffective reminders regarding 
positioning, the objective of this study was to investigate 
whether a MoMo system could reduce patients’ immo-
bile time in bed, reduce the incidence of pressure ulcers 
and increase the rate of relevant repositionings initiated 
by health care staff. To investigate these questions, we 
equipped all available beds in two neurosurgical and neu-
rological ICUs in Germany with a MoMo. The ICUs were 
then assigned to one of two phases (control or interven-
tion) of the study using a stepped-wedge design.

Our study’s primary outcome, namely the immobility 
rate, showed no significant difference between the inter-
vention and control phases (intervention effect − 0.0018 
(95% confidence interval [-0.0471, 0.0436], p = 0.94)). 
However, we observed a relatively low mean immobil-
ity rate (0.171 during the control phase and 0.144 during 
the intervention phase). This suggests that the standard 
protocol for pressure ulcer prevention was well imple-
mented. Furthermore, the mean immobility rate is much 
lower than described in the literature [10, 11, 13], which 
was the basis for our power calculation. Even assuming 
0.30, which was already below the values described in the 
literature, as a starting point for the power calculation 
during the planning phase of the study proved to be too 
high. The immobility rate during the control phase was 
consistently lower than 0.30. Given such a low immobil-
ity rate, we would have had to enrol many more patients 
in the study to have sufficient power to examine the effect 
of the MoMo.

Regarding our secondary endpoints, we observed 
a lower incidence of new pressure ulcers during the 
intervention than during the control phase (n = 5 
vs. n = 15). The calculations of the incidence density 
rate revealed that it was lower during the interven-
tion phase than the control phase. However, these 
differences must be interpreted cautiously due to the 
low number of pressure ulcers. As we did not inves-
tigate whether the nurses strictly followed the stand-
ard protocol for pressure ulcer prevention, we cannot 
rule out the possibility that some pressure ulcers were 
not detected. Compared to the reported numbers 
from other neurological ICUs and ICUs in Ger-
many, the incidence of pressure ulcers was low (2.5% 
vs. 12–14.9%) [24, 25]. Nevertheless, the fact that we 

Table 3  Cumulative time at risk, number of new pressure ulcers and corresponding density rates per 10 days the patient spent in bed

a Intensive care unit

Period ICUa Study phase N° of patients N° of patient-days 
at risk

N° of new pressure 
ulcers

Incidence density 
rate (per 10 days)

Period 1 Neurosurgical Control 95 654 9 0.138

Neurological 194 933 2 0.021

Period 2 Neurosurgical Control 114 565 4 0.071

Neurological Intervention 160 845 1 0.012

Period 3 Neurosurgical Intervention 93 530 3 0.057

Neurological 152 831 1 0.012

All periods Neurosurgical Control 209 1219 13 0.107

Intervention 93 530 3 0.057

Neurological Control 194 933 2 0.021

Intervention 312 1676 2 0.012

All periods All ICUs Control 403 2152 15 0.070

Intervention 405 2206 5 0.022

Table 4  Rate of relevant repositionings in relation to all 
documented repositionings

a Standard deviation;

Study phase Total No 
repositioning

Total valid Mean Stda

Control 403 47 356 0.70 0.24

Intervention 405 61 344 0.68 0.26

Total 808 108 700 0.69 0.25
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found only grade 1 or 2 pressure ulcers underpins our 
assumption that the nurses followed the standard pro-
tocol. If only higher-grade pressure ulcers had been 
observed, one could assume that there might be an 
under-detection of pressure ulcers. Additionally, the 
low immobility rates we found suggest that the nurses 
followed the standard protocol. Hence, the low num-
ber of pressure ulcers might be attributable to the 
intensive efforts made by nursing staff in both ICUs 
to improve pressure ulcer prophylaxis years before the 
start of this study. Another reason for the low number 
of pressure ulcers could be that they occurred after 
discharge from the ICU. Since we did not conduct 
any follow-up, we cannot rule this out. Furthermore, 
the nurses’ awareness of being involved in a study and 
their knowledge that a monitoring system was con-
tinuously recording their positioning habits could 
have contributed to a reduction in pressure ulcer inci-
dence and immobility rates. The primary analysis was 
restricted to the first admission of all patients. Three 
additional pressure ulcers occurred during subsequent 
admissions (two in the intervention phase and one in 
the control phase). We carried out a sensitivity analysis 
of all 862 admissions, which showed similar results.

The efficiency of repositioning also failed to reveal 
any difference between the control and the interven-
tion phases. Nevertheless, approximately 70% of the 
repositionings, which were performed by health care 
staff to initiate pressure ulcer prevention, were recog-
nised as sufficiently pressure relieving. The remaining 
30% of repositionings, which failed in their intention, 
should be analysed and discussed internally, as they 
are not good for the patient (unnecessary disturbance) 
or staff (resource scarcity). Additionally, some nurses 
reported that they sometimes did not press the but-
ton within the required timeframe (10  min before or 
after repositioning a patient) and pressed the button at 
some other time instead.

An additional aspect of our project includes the 
formative evaluation of health care staff perspec-
tives [22, 26]. The formative evaluation found that the 
MoMo is useful in general, but less so in intensive care 
settings. The reason for this is that health care staff in 
ICUs already closely monitor their patients and can 
promptly react to immobility issues. In contrast, the 
MoMo system is considered significantly more ben-
eficial for use on regular wards, where patients can-
not be monitored as frequently and each nurse cares 
for a larger number of patients. This is particularly 
true during night shifts. This finding is supported by 
MoMo usability testing on two regular wards [23].

Limitations
Several factors that could have influenced the develop-
ment of pressure ulcers were not measured in our study. 
For example, individual risk factors, such as the patient’s 
diagnosis, repositioning restrictions, nutritional sta-
tus and skin status, were not assessed. Furthermore, 
we did not collect data about staffing resources, which 
if included would have increased the reliability of our 
models. However, due to time constraints and limited 
resources, we decided not to collect this data.

Another limitation of this study is its monocentric 
nature, focusing solely on ICUs within two inter-related 
specialties. Factors such as the size of the ICUs and clinic, 
as well as the characteristics of country-specific health 
care systems may also play a significant role. While con-
tent and funding considerations led to this approach, it 
naturally limits the generalisability of our data.

Additionally, the small number of available wards and 
logistical constraints limited the design choices. For 
example, an interrupted time series design may be con-
sidered for further research.

Conclusion
Our study findings can serve as a basis for further stud-
ies focusing on managing mobility and technical aids. For 
further investigations, higher proportions of immobil-
ity rates should be presumed to conduct the power cal-
culation to demonstrate an effect. Additionally, it would 
be important to assess whether such technical aids can 
help to implement individualised positioning schedules, 
which would be an additional advantage of using such a 
system. However, based on our results, we cannot cur-
rently recommend the standard use of these aids in neu-
rological and neurosurgical ICUs.

Abbreviations
ICU	� Intensive care unit
MoMo	� Mobility Monitor
Std	� Standard deviation
IQR	� Interquartile range

Acknowledgements
Our study team is particularly grateful to all the nurses in the participating 
ICUs for their cooperation. As representatives for the whole area, we would 
like to mention Susanne Hall, nursing director, and Sabine Drexler, advanced 
practice nurse. We would like to thank Carolin Hajduk for her excellent work as 
a study nurse and Helga Marx for her conscientious internal monitoring. Jörg 
Zühlke provided superior IT support for the study and Carole Cürten was a 
great aid in the proofreading process. We would like to thank our colleagues 
and key individuals from our project partners at the Center of Implementing 
Nursing Care Innovations Freiburg. Specifically, we would like to express our 
gratitude to Isabelle Hempler, Jonas Schaefer and Erik Farin-Glattacker of the 
Section of Health Care Research and Rehabilitation Research at the Medical 
Center – University of Freiburg (SEVERA) for their support in the planning and 
implementation of the study, particularly in relation to the formative evalua-
tion. We would also like to acknowledge the guidance provided by Christine 
Moeller-Bruker and Johanna Pfeil of AGP Social Research, FIVE e.V., regarding 



Page 9 of 10Ziegler et al. BMC Nursing          (2023) 22:478 	

ethical and legal issues. Additionally, we appreciate the assistance and col-
legial advice offered by Stefan Walzer, Peter König and Christophe Kunze 
of Furtwangen University of Applied Sciences, especially during the study’s 
planning and implementation phases. And special thanks goes to Jonny West 
for proofreading and editing the manuscript.

Authors’ contributions
SZ coordinated the planning of the study and data analysis, and was a major 
contributor to writing the manuscript. CS analysed the patient data, planned 
the study design and contributed to writing the manuscript. LS was a major 
contributor to writing the manuscript and interpreting the data. AS collected 
and analysed the data. ET contributed to data management. BG planned the 
study design and supervised the study. IS analysed the patient data, planned 
the study design and contributed to writing the manuscript. JF supervised, 
planned and coordinated the project. All authors read and approved the final 
manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. Half of the 
MoMos used were provided free of charge by the manufacturer through a 
loan agreement. The manufacturer had no influence on the conduct of this 
study. The study was part of a project funded by Germany’s Ministry of Educa-
tion and Research.

Availability of data and materials
The datasets generated and/or analysed during the current study are not 
publicly available due to data protection regulations. However, the datasets 
are available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was submitted to and approved by our local university eth-
ics committee, Ethik-Kommission der Albert-Ludwigs-Universität Freiburg 
(DRKS00015492) (31/10/2018). All patients were cared for following the 
hospital’s own and international standards for pressure ulcer prevention 
(routine care). Therefore, our ethics committee approved a waiver for obtain-
ing informed consent. All methods were carried out in accordance with the 
Declarations of Helsinki. General consent, which allows for the use of routine 
data for research, is obtained from all patients or their legal representatives 
who have signed the treatment contract. All patients enrolled in this study (or 
their representatives) signed this treatment contract.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Center of Implementing Nursing Care Innovations Freiburg, Nursing Direc-
tion, Medical Center, University of Freiburg, Freiburg, Germany. 2 Clinical Trials 
Unit, Faculty of Medicine and Medical Center, University of Freiburg, Freiburg, 
Germany. 3 Institute of Genetic Epidemiology, Faculty of Medicine and Medical 
Center, University of Freiburg, Freiburg, Germany. 

Received: 21 December 2022   Accepted: 11 December 2023

References
	1.	 Edsberg LE, Black JM, Goldberg M, McNichol L, Moore L, Sieggreen M. 

Revised National Pressure Ulcer Advisory Panel Pressure Injury Staging 
System: Revised Pressure Injury Staging System. J Wound Ostomy 
Continence Nurs. 2016;43(6):585–97. https://​doi.​org/​10.​1097/​WON.​00000​
00000​000281.

	2.	 Li Z, Lin F, Thalib L, Chaboyer W. Global prevalence and incidence of 
pressure injuries in hospitalised adult patients: A systematic review and 
meta-analysis. Int J Nurs Stud. 2020;105:103546. https://​doi.​org/​10.​1016/j.​
ijnur​stu.​2020.​103546.

	3.	 Mak AFT, Zhang M, Tam EWC. Biomechanics of pressure ulcer in body 
tissues interacting with external forces during locomotion. Annu 
Rev Biomed Eng. 2010;12(1):29–53. https://​doi.​org/​10.​1146/​annur​
ev-​bioeng-​070909-​105223.

	4.	 Manorama AA, Baek S, Vorro J, Sikorskii A, Bush TR. Blood perfusion 
and transcutaneous oxygen level characterizations in human skin with 
changes in normal and shear loads — Implications for pressure ulcer 
formation. Clin Biomech. 2010;25(8):823–8. https://​doi.​org/​10.​1016/j.​clinb​
iomech.​2010.​06.​003.

	5.	 Scheel-Sailer A, Plattner C, Flückiger B, Ling B, Schaefer D, Baumberger 
M, et al. Dekubitus–ein Update. Swiss Med Forum. 2016;16(23):489–99. 
https://​doi.​org/​10.​4414/​smf.​2016.​02683.

	6.	 National Pressure Ulcer Advisory Panel, European Pressure Ulcer Advisory 
Panel, Pan Pacific Pressure Injury Alliance. Prevention and Treatment of 
Pressure Ulcers: Quick Reference Guide. Deutsche Version. Haesler E (Ed.). 
Cambridge Media: Osborne Park; 2014. http://​www.​epuap.​org/​wp-​conte​
nt/​uploa​ds/​2016/​10/​german_​quick-​refer​ence-​guide.​pdf. Accessed 30 
Aug 2018.

	7.	 Kottner J, Balzer K, Bauernfeind G, Dorin L, Duwe M, Feuchtinger J, u. a. 
Der Expertenstandard Dekubitusprophylaxe in der Pflege, 2. Aktual-
isierung 2017. In: Expertenstandard Dekubitusprophylaxe in der Pflege 2. 
Aktualisierung 2017 einschließlich Kommentierung und Literaturstudie. 
Osnabrück: DNQP; 2017. pp. 13–49.

	8.	 Gillespie BM, Walker RM, Latimer SL, Thalib L, Whitty JA, McInnes E. et al. 
Repositioning for pressure injury prevention in adults. Cochrane Data-
base Syst Rev 2 June. 2020;6:CD009958. https://​doi.​org/​10.​1002/​14651​
858.​CD009​958.​pub3.

	9.	 Lozano-Montoya I, Vélez-Díaz-Pallarés M, Abraha I, Cherubini A, Soiza RL, 
O’Mahony. D, et al. Nonpharmacologic Interventions to Prevent Pressure 
Ulcers in Older Patients: An Overview of Systematic Reviews (The Soft-
ware ENgine for the Assessment and optimization of drug and non-drug 
Therapy in Older peRsons [SENATOR] Definition of Optimal Evidence-
Based Non-drug Therapies in Older People [ONTOP] Series). J Am Med Dir 
Assoc. 2016;17(4):370e1–10. https://​doi.​org/​10.​1016/j.​jamda.​2015.​12.​091. 

	10.	 Krishnagopalan S, Johnson EW, Low LL, Kaufman LJ. Body positioning 
of intensive care patients: clinical practice versus standards. Crit Care 
Med. 2002;30(11):2588–92. https://​doi.​org/​10.​1097/​00003​246-​20021​
1000-​00031.

	11.	 Pickham D, Ballew B, Ebong K, Shinn J, Lough ME, Mayer B. Evaluating 
optimal patient-turning procedures for reducing hospital-acquired pres-
sure ulcers (LS-HAPU): study protocol for a randomized controlled trial. 
Trials. 2016;17(1):1–8. https://​doi.​org/​10.​1016/j.​ijnur​stu.​2017.​12.​012.

	12.	 Pickham D, Berte N, Pihulic M, Valdez A, Mayer B, Desai M. Effect of a 
wearable patient sensor on care delivery for preventing pressure injuries 
in acutely ill adults: A pragmatic randomized clinical trial (LS-HAPI study). 
Int J Nurs Stud 1 April. 2018;80:12–9. https://​doi.​org/​10.​1016/j.​ijnur​stu.​
2017.​12.​012.

	13.	 Schallom L, Metheny NA, Stewart J, Schnelker R, Ludwig J, Sherman G. 
et al. Effect of frequency of manual turning on pneumonia. Am J Crit 
Care. 2005;14(6):476–8.

	14.	 Mortada H, Malatani N, Awan BA, Aljaaly H. Characteristics of Hospital 
Acquired Pressure Ulcer and Factors Affecting Its Development: A Retro-
spective Study. Cureus. 2020.  https://​www.​cureus.​com/​artic​les/​43557-​
chara​cteri​stics-​of-​hospi​tal-​acqui​red-​press​ure-​ulcer-​and-​facto​rs-​affec​
ting-​its-​devel​opment-​a-​retro​spect​ive-​study. Accessed 17 Aug 2021.

	15.	 Kim J, Lee JY, Lee E. Risk factors for newly acquired pressure ulcer and the 
impact of nurse staffing on pressure Ulcer incidence. J Nurs Manag Juli. 
2022;30(5):O1–9.

	16.	 Gaspar S, Peralta M, Marques A, Budri A, Gaspar de Matos M. Effectiveness 
on hospital-acquired pressure ulcers prevention: a systematic review. 
Int Wound J Oktober. 2019;16(5):1087–102. https://​doi.​org/​10.​1111/​iwj.​
13147.

	17.	 Compliant Concept AG. Mobility Monitor. Qualität sichern & Aufwand 
senken. 2018. https://​www.​compl​iantc​oncept.​com/​conte​nt/​uploa​ds/​
2018/​04/​MM_​Brosc​huere_​DE_​web.​pdf. Accessed 20 Jul 2018.

	18.	 Bassin F, Cotte S, Junuzi S, Bouchard D, Thomas P. Using New Technology 
to Enable Preventing Pressure Ulcers and Falls in a University Hospital in 

https://doi.org/10.1097/WON.0000000000000281
https://doi.org/10.1097/WON.0000000000000281
https://doi.org/10.1016/j.ijnurstu.2020.103546
https://doi.org/10.1016/j.ijnurstu.2020.103546
https://doi.org/10.1146/annurev-bioeng-070909-105223
https://doi.org/10.1146/annurev-bioeng-070909-105223
https://doi.org/10.1016/j.clinbiomech.2010.06.003
https://doi.org/10.1016/j.clinbiomech.2010.06.003
https://doi.org/10.4414/smf.2016.02683
http://www.epuap.org/wp-content/uploads/2016/10/german_quick-reference-guide.pdf
http://www.epuap.org/wp-content/uploads/2016/10/german_quick-reference-guide.pdf
https://doi.org/10.1002/14651858.CD009958.pub3
https://doi.org/10.1002/14651858.CD009958.pub3
https://doi.org/10.1016/j.jamda.2015.12.091
https://doi.org/10.1097/00003246-200211000-00031
https://doi.org/10.1097/00003246-200211000-00031
https://doi.org/10.1016/j.ijnurstu.2017.12.012
https://doi.org/10.1016/j.ijnurstu.2017.12.012
https://doi.org/10.1016/j.ijnurstu.2017.12.012
https://www.cureus.com/articles/43557-characteristics-of-hospital-acquired-pressure-ulcer-and-factors-affecting-its-development-a-retrospective-study
https://www.cureus.com/articles/43557-characteristics-of-hospital-acquired-pressure-ulcer-and-factors-affecting-its-development-a-retrospective-study
https://www.cureus.com/articles/43557-characteristics-of-hospital-acquired-pressure-ulcer-and-factors-affecting-its-development-a-retrospective-study
https://doi.org/10.1111/iwj.13147
https://doi.org/10.1111/iwj.13147
https://www.compliantconcept.com/content/uploads/2018/04/MM_Broschuere_DE_web.pdf
https://www.compliantconcept.com/content/uploads/2018/04/MM_Broschuere_DE_web.pdf


Page 10 of 10Ziegler et al. BMC Nursing          (2023) 22:478 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Switzerland; A Clinical Project. The 19th Annual Meeting of the European 
Pressure Ulcer Advisory Panel. Programme and Abstract Book. Belfast: 
EPUAP; 2017. p. 64.

	19.	 Gattinger H, Hantikainen V, Ott S, Stark M. Effectiveness of a mobility 
monitoring system included in the nursing care process in order to 
enhance the sleep quality of nursing home residents with cognitive 
impairment. Health Technol. 2017;7(2–3):161–71. https://​doi.​org/​10.​1007/​
s12553-​016-​0168-9.

	20.	 Stark M, Tietz R, Gattinger H, Hantikainen V, Ott S. Effects of a mobility 
monitoring system on the cost of care in relation to reimbursement 
at Swiss nursing homes: learnings from a randomized controlled trial. 
Health Econ Rev. 2017;7:43. https://​doi.​org/​10.​1186/​s13561-​017-​0178-y

	21.	 Waltisberg D, Amft O, Brunner DP, Troster G. Detecting Disordered Breath-
ing and Limb Movement Using In-Bed Force Sensors. IEEE J Biomed 
Health Inform. 2017;21(4):930–8. https://​doi.​org/​10.​1109/​JBHI.​2016.​25499​
38. 

	22.	 Schäfer JM, Hempler I, Schlöffel M, Feuchtinger J, Ziegler S, Farin-Glat-
tacker E. Der Einsatz neuer Technologie (Mobility Monitor) zur Reduz-
ierung des Dekubitusrisikos in der Intensivpflege: Eine Einschätzung aus 
Sicht der Mitarbeitenden. Pflege Ges. 2023;28(1):57–72.

	23.	 Schepputat A, Ziegler S. Pflege-IT im Praxistest. Schwest Pfleg. 
2021;60(3):26–8.

	24.	 Fife C, Otto G, Capsuto EG, Brandt K, Lyssy K, Murphy K. et al. Incidence 
of pressure ulcers in a neurological intensive care unit. Crit Care Med. 
2001;29(2):283.

	25.	 Lahmann NA, Kottner J, Dassen T, Tannen A. Higher pressure ulcer risk on 
intensive care? - Comparison between general wards and intensive care 
units. J Clin Nurs. 2012;21(3–4):354–61. https://​doi.​org/​10.​1111/j.​1365-​
2702.​2010.​03550.x.

	26.	 Hempler I, Schäfer J, Ziegler S, Feuchtinger J, Farin-Glattacker E. Einsatz 
einer neuen Pflegetechnologie (Mobility Monitor) auf der Neurologis-
chen und Neurochirurgischen Intensivstation – Erste Ergebnisse der 
formativen Evaluation. Pflegepraxiszentrum Berlin, Herausgeber. Zukunft 
der Pflege, Tagungsband Der 2 Clusterkonferenz 2019 – Innovative Tech-
nologien für die Pflege. Berlin: Pflegepraxiszentrum Berlin; 2019. pp. 78–9.

	27.	 Hemming K, Taljaard M. Sample size calculations for stepped wedge 
and cluster randomised trials: a unified approach. J Clin Epidemiol. 
2016;69:137–46. https://​doi.​org/​10.​1016/j.​jclin​epi.​2015.​08.​015.

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

https://doi.org/10.1007/s12553-016-0168-9
https://doi.org/10.1007/s12553-016-0168-9
https://doi.org/10.1186/s13561-017-0178-y
https://doi.org/10.1109/JBHI.2016.2549938
https://doi.org/10.1109/JBHI.2016.2549938
https://doi.org/10.1111/j.1365-2702.2010.03550.x
https://doi.org/10.1111/j.1365-2702.2010.03550.x
https://doi.org/10.1016/j.jclinepi.2015.08.015

	Potential for reducing immobility times of a mobility monitor in-bed sensor system – a stepped-wedge cluster-randomised trial
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 
	Clinical trial registration 

	Introduction
	Pressure ulcers

	Methods
	Aim
	Design and setting
	Sample
	Intervention
	Data collection
	Statistics
	Ethical considerations

	Results
	Enrolment
	Demographics and length of stay (with a MoMo)
	Outcomes
	Immobility rate
	Pressure ulcers
	Rate of relevant staff-initiated or supported repositionings


	Discussion
	Limitations

	Conclusion
	Acknowledgements
	References


