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Abstract 

Background In general, urinary and faecal incontinence is a multifaceted problem that is associated with increasing 
burdens for those affected, a massive impairment of quality of life and economic consequences. Incontinence is asso-
ciated with a high level of shame, which in particular reduces the self-esteem of those being incontinent and leads 
to additional vulnerability. Those affected by incontinence often perceive incontinence and the care they receiveas 
humiliating, hence they can no longer control their own urination; nursing care and cleansing support then lead to 
additional dependency. People with incontinence in need of care not uncommonly experience a poor communica-
tion and many taboos surrounding the issue as well as the use of force when incontinence products are changed.

Aims and methods This RCT aims to validate the benefits of using a digital assistance system to optimise incon-
tinence care and to enable statements concerning the effect of the assistance technology on nursing and social 
structures and processes as well as on the quality of life from the perspective of the person in need of care. In a two-
arm, stratified, randomised, controlled interventional study, primarily incontinence-affected residents of four inpatient 
nursing facilities will be examined (n = 80). One intervention group will be equipped with a sensor-based digital 
assistance system, which will transmit care-related information to the nursing staff (via smartphone). The collected 
data will be compared to the data of the control group. Primary endpoints are falls occurring; secondary endpoints 
are quality of life and sleep, sleep disturbances and material consumption. In addition, nursing staff (n = 15–20) will be 
interviewed regarding the effects, experience, acceptance and satisfaction.

Discussion The RCT aims at the applicability and effect of assistance technologies on nursing structures and pro-
cesses. It is assumed that, amongst other things, this technology may lead to a reduction of unnecessary checks and 
material changes, an improvement of life quality, an avoidance of sleep disturbances and thus an improvement of 
sleep quality as well as to a reduced risk of falling for people with incontinence in need of care. The further develop-
ment of incontinence care systems is of social interest as this offers the prospect of improving the quality of care for 
nursing home residents with incontinence.
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Background
Incontinence refers to the body’s inability to retain and 
release urine (urinary incontinence) or faeces (faecal 
incontinence) in a controlled manner, resulting in an 
involuntary outflow. Experts estimate that between six 
and eight million people in Germany are affected by uri-
nary incontinence and about four million are affected 
by faecal incontinence[1–3]. The exact prevalence of 
urinary and faecal incontinence is difficult to determine 
due to the different care settings (inpatient and outpa-
tient) and data collection methods. Incontinence is often 
associated with further health problems such as derma-
titis, falls, reduced daily activity, longer hospitalisations 
and higher mortality, whereby the overall quality of life 
of those affected is severely effected [4–7]. In addition, 
individuals affected by incontinence often experience 
psychological impairments such as a lack of dignity [8] 
because they can no longer control their own urination 
and defecation; care and cleansing support then lead to 
additional dependency [9]. If support is needed as part 
of care, those affected not uncommonly experience a 
poor communication and taboos concerning the issue as 
part of the everyday routine nursing care and even the 
use of violence during the change of incontinence mate-
rial [10]. As the prevalence of incontinence increases 
with age this is predominantly a problem for long-term 
care [11]. It is estimated that approximately 80.4% of the 
individuals in long-term care are affected [1], and incon-
tinence is most prevalent in individuals with increased 
care needs [12, 13]. If individuals are no longer able to 
express for themselves that incontinence products need 
to be changed, the nursing staff make these decisions. 
Whereby this leads to unnecessary controls of inconti-
nence material, which are however often unavoidable and 
are accompanied by a disturbance of the person in need 
of care. In particular, nightly changes of incontinence 
materials have a negative impact on those affected, as 
additional sleep interruptions further reduce the already 
low quality of sleep [14]. The often unnecessary checks 
and changes of incontinence materials also have eco-
nomic consequences. When calculating these effects, 
direct (e.g. costs for incontinence materials), indirect 
(e.g., loss of resources) and intangible costs (e.g. reduc-
tion in quality of life, restrictions on individual freedom) 

are differentiated, with direct costs being the simplest to 
calculate. A study conducted in 2007 analysed that the 
direct costs of urinary incontinence in Germany amounts 
to approximately €396 million. 70% of these costs (€277 
million) are attributed to women and 30% (€118.6 mil-
lion) are attributed to men. [15]. The direct costs of 
incontinence care are thus comparable to those of other 
chronic diseases such as dementia and diabetes [16, 17]. 
The indirect and intangible costs have not been scientifi-
cally evaluated yet but are estimated to be higher than 
the direct costs. Since the costs are significantly related 
to the severity of the incontinence as well as to the age 
and degree of care required by the affected individuals, 
the demographic change, amongst other factors, ensures 
that the costs will double in the next 50 years in Germany 
[18]. Despite the high prevalence of incontinence in 
long-term care [19], few international and national stud-
ies can be identified to date that adopt a nursing science 
perspective, revealing a research gap. Most studies focus 
on specific diseases and medical parameters but neglect 
nursing aspects, or they focus on physiological endpoints 
such as the effects of pelvic floor muscle and bladder 
function training (e.g. [20–24]. Studies with technical 
interventions in the field of incontinence are scarce and, 
if available, they focus tightly on medical parameters [25] 
or their results cannot be transferred to the primary tar-
get group of long-term care residents [26, 27]. Up to now 
there are only a few studies focusing on nursing param-
eters [among others, [27, 28]. Studies on the use of digi-
tal assistance systems in incontinence care with people in 
need of care that investigate the consequences on quality 
of life and sleep as well as the benefits of the technology 
on the quality of care overall have not been conducted 
yet. However, the combination of sensor technology with 
technical assistance systems in the field of incontinence 
care has made a significant progress in the past few years. 
(e.g. the system from AssistMe GmbH).

Routine visual inspections of care recipients’ incon-
tinence products are currently performed as stand-
ard practice in both outpatient and inpatient settings. 
This procedure significantly compromises a variety 
of aspects such as hygiene, ethics, the structure of 
daily life and work efficiency. A digital, sensor-based 
assistance system could replace visual checks in both 
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outpatient and inpatient settings and improve the qual-
ity of incontinence care for both those in need of care 
as well as for nursing staff. Although the benefits of dig-
ital assistance systems in the field of incontinence care 
are promising, primarily the users (e.g. family caregiv-
ers, nursing staff ) need to be convinced. Technical aids 
and digital assistance systems often lead to scepticism 
among nursing staff, this manifests itself in misunder-
standings, worries and fears, a lack of information and 
insecurities concerning data usage [29]. This skepti-
cism could be countered by letting nursing staff experi-
ence the benefits of these systems (e.g., improvement of 
incontinence care, avoidance of unnecessary changes) 
and by creating a familiarity with the assistance sys-
tem among all participants. The latter is particularly 
the case when users are involved in the development 
of technical innovations. This also reduces the risk that 
technical aids are developed "parallel" to the care pro-
cess [29]. Studies on this topic have not been conducted 
yet.

Objectives and questions
This RCT aims to validate the benefits of using a digi-
tal assistance system to optimise incontinence care and 
to enable statements concerning the effect of assistance 
technology on nursing and social structures and pro-
cesses as well as on the quality of life from the perspec-
tive of individuals in need of care. Answers are to be 
found in particular to the following questions:

• What are the benefits of planned assistance technol-
ogies for incontinent care recipients?

• Can assistance technologies reduce falls and improve 
quality of life as well as quality of sleep of incontinent 
individuals?

• What effects does the assistance technology have on 
existing structures and care processes in long-term 
care?

• How can implementation in nursing practice be 
organized and what kind of logistical measures are 
required for usage in long-term care (such as infor-
mation materials, training of nursing staff, main-
tenance and care of the technical aids to ensure the 
required accuracy and reliability, procurement/dis-
posal)? How can the technology be incorporated into 
routine processes in long-term care?

• In terms of economic perspectives, what results does 
a measurement or prognosis of success provide to 
potential users of assistance technologies?

• How can a sustainable utilisation of the technologies 
be assured?

In the long term this project aims to contribute to new 
quality-assured modes of care in nursing practice.

Methods and design
This RCT is based on a mixed-methods approach and 
consists of a quantitative and a qualitative method 
strand, which are to be arranged in a parallel design 
to each other, allowing an integrative presentation of 
the results. The focus is on individuals requiring care 
in inpatient nursing facilities (primary target group) 
and on nursing staff (secondary target group). The 
approach selected intends to generate a comprehensive 
understanding concerning the use of digital assistance 
systems for incontinence care, which represents the dif-
ferent perspectives of the target groups and captures 
the complexity of the research subject as a whole.

This study protocol is guided by the SPIRIT State-
ment [30].

Concerning the primary target group of care recipi-
ents, a two-arm, stratified and randomised, controlled 
interventional study is selected for the study design 
(RCT). Participants will be assigned to the interven-
tion group (IG, equipped with a digital assist system) 
and control group (CG, not equipped with a digital 
assist system) study arms, and the assignment of study 
participants to arms will be randomized. To ensure a 
homogeneous distribution regarding the prognostic 
factor of impaired abilities to the IG and CG, a simple 
disproportionate stratification will be performed prior 
to the randomisation. This will ensure that a valid 
interpretation on the efficacy of the intervention is 
possible. Other advantages of this approach refer to a 
reduced probability of an α and/or β error when inter-
preting the results, furthermore the statistical valid-
ity of the results with a comparably low participant 
number is increased, and interim analyses are simpli-
fied [31–33]. The participants will be stratified using 
the Mini Mental Status Examination (MMSE). On the 
basis of the points achieved in the questionnaire, care 
recipients will be allocated to the subgroups “cog-
nitively impaired” (points < 18) and “not cognitively 
impaired” (points > 18). In previous studies, the use of 
self-reported scales up to an MMSE point value of > 10 
proved to be appropriate [including [34, 35]. However, 
in the study implementation, the results of the MMSE 
are used for stratification from a score of > 18. As a 
result, the RCT is based on the original values of the 
instrument [36]. Participants that have been identi-
fied as cognitively impaired by the assessment results 
of the MMSE (score 0 to 18) will be reported back: 
both nursing staff and participants affected shall esti-
mate as objectively as possible whether the benefit of 
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self-reported scales is appropriate. Participants who 
score below 18 on the MMSE or for whom assessment 
feedback argues against self-assessment scales will be 
administered assessments as third-party assessment 
scales.. After stratification, the participants of the two 
subgroups will be randomized individually to the two 
study arms IG or CG (see Fig. 1).

Concerning the secondary target group of nurs-
ing staff, a single-armed observational study design is 
selected. All participants will be surveyed both quanti-
tatively and qualitatively at four time points.

When randomizing both groups, additional attention 
will be paid to the individual framework conditions of 
the participating inpatient care facilities and they will 
be appropriately responded to.

Methods
Within the framework of the RCT, care recipients 
affected by incontinence and their responsible nursing 
staff will be monitored in four selected inpatient care 
facilities in Berlin and Brandenburg over a system test 
period of four months.

Inclusion criteria
Primary target group
To consider the different comorbidities of the primary 
target group and to be able to realistically assess the ben-
efits of the digital assistance system, the inclusion criteria 
were defined relatively broadly. Individuals included in 
the RCT:

Fig. 1 Flow chart concerning the primary target group [37]
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• have a moderate to severe incontinence (degree of 
severity ≥ 2, urinary or urinary and faecal inconti-
nence) and

• have given their written informed consent to partici-
pate in the RCT after receiving information and clari-
fication. If individuals are not able to consent to study 
participation by themself due to cognitive impair-
ments, their family caregivers or legal guardians may 
provide consent.

The severity of incontinence is determined by the con-
sumption of incontinence material per person in need of 
care as recorded in the care documentation.

Due to the multifaceted occurrence of incontinence, 
other factors such as cognitive ability, mobility as well 
as the degree of care of the person affected do not play 
a role as criteria for study participation. Individuals who 
are cognitively impaired as well as not impaired; who are 
mobile as well as immobile; and who have a high or low 
level of care will be included in the RCT.

Secondary target group
Since nursing staff is to incorporate and evaluate the digi-
tal assistance system as part of their professional activi-
ties, only the nursing staff responsible for incontinence 
care is included in the study. By doing so, differentiated 
statements about the system can be voiced by the nursing 
staff. Ideally, the included nursing staff is also responsi-
ble for participants in the control group, enabling them 
to identify and describe any changes concerning nursing 
care with an even greater nuance. Furthermore, a written 
consent to participate in the study after being informed 
and educated is necessary. In addition, nursing staff with 
similar as well as different characteristics such as profes-
sional experience, age and gender is included. Thereby, 
the individuals should differ as minimally and maximally 
as possible. This contrastive sampling procedure intend-
eds to reflect the heterogeneity of the research subject 
through the selection of individuals to be interviewed 
[38].

Exclusion criteria and dropout management
Exclusion criteria of the primary target group
In order to include as many individuals as possible in 
the RCT, the exclusion criteria will be defined relatively 
narrow.

Individuals will be excluded from the RCT if:

• they or their responsible nursing staff decline to par-
ticipate in the study and therefore do not sign the 
written declaration of informed consent, and if

• they only have a mild form of incontinence (degree 
of severity 1, urinary or urinary and faecal inconti-
nence).

Exclusion criteria of the secondary target group
Nursing staff will only be excluded from the study if they 
do not agree in writing to participate and/or if they are 
not responsible for the incontinence care of the primary 
target group.

Dropout criteria of the primary target group
Individuals may withdraw from their study participation 
at any time. They or their responsible nursing staff can 
revoke their consent to participate in writing. Likewise, 
they are automatically excluded from the RCT if they die 
during the intervention.

A deterioration in their health does not necessarily 
lead to exclusion from the RCT. Those affected are only 
excluded from further study events if the deterioration 
is due to compelling medical and/or nursing reasons 
requiring a termination of their participation in the study.

Dropout criteria of the secondary target group
Nursing staff may withdraw their consent to participate 
at any time. They can do this by revoking their consent to 
participate in writing.

In addition, nursing staff can be excluded from the 
study if their poor technical affinity or acceptance leads 
to massive restrictions concerning the correct imple-
mentation and use of the digital assistance system in the 
context of incontinence care. In order to ensure a correct 
application of the technology, training sessions for the 
nursing staff will be held over several days at the begin-
ning of the measurement period. During this training 
nursing staff will be introduced in depth to the digital 
assistance system. This is followed by a test phase of one 
to two weeks in the inpatient care facility, during which 
the nursing staff independently tests the system in regu-
lar care. If, during this period, a professional is found to 
lack technical user skills or feedback is received from the 
person concerned, this person will not continue to par-
ticipate in the study.

For both the primary and secondary target groups, 
further progression of the Covid pandemic may result in 
exclusion or withdrawal from the study. If, in an inpatient 
care facility, a Covid outbreak is deemed by management 
to have a lasting impact on normal business operations, 
the facility may decide to not continue its participation in 
the measurements.
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Interventions
The RCT addresses the use of digital assistance technolo-
gies in the field of incontinence care for care recipients. 
The RCT plans to equip incontinence products of any 
type (urine and stool) with a sensor that transmits care-
related information to connected systems (such as smart-
phones and PCs). A local tracking mechanism allows the 
incontinence product to be located, but this function will 
not be used within this RCT.

The sensor technology can be used within the facilities 
even without a dedicated W-LAN, as it is used via a Blue-
tooth Low Energy (BLE) as well as via LTE network; set 
up by AssistMe GmbH (practice partner). AssistMe pro-
vides the complete sensor, hardware and network tech-
nology. This also includes the smartphones provided to 
the nursing staff.

At this stage multiple utilization of the sensors with 
incontinence material is not possible for the entire course 
of this study. However, in some cases, particularly at the 
start of the RCT, sensors will undergo a re-use process 
(including cleaning, disinfection, etc.) to check and test if 
and to what extent multiple utilization is possible. In view 
of the above, a multiple utilization of the sensors will be 
aimed at for test purposes, in order to identify oppor-
tunities for cost-effective mass production while also 
ensuring a sustainable use of the product. The project in 
applied practice thus enables further investigations which 
can provide recommendations for mass production of 
incontinence products equipped with (printed) sensors. 
The experience of the practical partner AssistMe GmbH 
in the field of cleaning and disinfecting sensor technology 
will also be used for quality assurance and development 
of logistical recommendations.

The digital assistance system from AssistMe GmbH 
provides the responsible nursing staff within the care 
facilities with an automated message concerning the sta-
tus of the incontinence material (ICM) of the home resi-
dents within the IG. The status report does not give any 
indication about whether the ICM needs to be changed 
but only describes the status of the ICM itself (for exam-
ple, 1st urination, 2nd urination, 3rd urination). The 
decision to change the ICM is made by the responsible 
nursing staff and not by the digital assistance system 
from AssistMe GmbH. In addition, it is possible to store 
individual incontinence profiles of the home residents in 
order to obtain an additional source of information con-
cerning the decision among the nursing staff as to when 
an optimal change of the ICM should take place.

The digital assistance system from AssistMe GmbH is 
to be understood as a supporting, digital measure in the 
context of incontinence management.

The technical procedure of the intervention is divided 
into three phases:

(1) Preparation and implementation phase
(2) Training and testing phase
(3) Realisation phase

(1) Preparation and implementation phase

This thus implies, on the one hand, the implementation 
of an IT infrastructure within the care facility and the 
associated assurance of a complete connectivity of the 
wearables (explanation, follows below) equipped to the 
ICM with the network. On the other hand, the logistical 
process of the ICM requirements for the home residents 
will be jointly coordinated in detail with the respec-
tive care facilities and service providers (TZMO and 
geria + med) so that a) no supply bottlenecks arise and b) 
the study process can be realized as smoothly as possible.

(2) Training and testing phase

The training and testing phase is used to familiarise 
the participating nursing staff with the digital assistance 
system from AssistMe GmbH. This means both a multi-
hour training session for nursing staff and a 1–2  week 
trial period to "get to know" and "better understand" the 
system will be conducted, in order to reduce any tech-
nical challenges during the course of the study and to 
address any questions that arise from the nursing staff in 
advance.

(3) Realisation phase

The realisation phase represents the actual RCT and 
intervention. In this phase the digital assistance system 
is connected within the nursing facility, the nursing staff 
has been trained and the study project begins (see Fig. 2).

The ICM equipped with a sensor is worn with a so 
called wearable. The wearable records the sensor data 
and transmits the data via BLE to the corresponding 
charger or repeater nodes.

The charger and repeater nodes act as network within 
the nursing facility ensuring a permanent connectiv-
ity between wearable and IT infrastructure. The charger 
and repeater nodes record the signal transmitted via BLE 
and then forward it via WLAN to defined access points 
within the nursing facility. These access points send the 
relevant data to an edge computer in the corresponding 
nursing facility and then to a LTE router which sends the 
data to the AWS cloud service, which complies with data 
protection requirements. The data is processed in the 
cloud and then forwarded to the mobile application of 
the responsible nursing staff.

Two wearables will be individually assigned to each 
resident of the IG and will be accordingly available to the 
nursing staff. Hence one wearable can be worn with the 
ICM while the other wearable is charging on the station 
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(charger node) ensuring a seamless change of the wear-
able when the battery is low.

The aim is to implement a fully functioning end-to-end 
system in the nursing facility so that the ICM status of 
each facility resident can be monitored in real time on 
the smartphone of the responsible nursing staff.

Endpoints
Endpoints of the primary target group (care recipients 
with urinary and faecal incontinence)
Occurring falls represent the primary endpoint of the 
RCT. Secondary endpoints include cognitive ability, qual-
ity of life, sleep quality and disruptions of sleep, inconti-
nence material consumption and general health.

Endpoints of the secondary target group (nursing staff)
The secondary target group will be surveyed by means 
of interviews regarding the acceptance, experience and 
perceived effects of the digital assistance systems and 
the resulting changes to their work processes (second-
ary endpoints). This qualitative data collection captures 
the important perspectives of nursing staff and nursing 
management.

In addition, the nursing staff will also be surveyed 
quantitatively about their subjective attitude toward 
the use of technology in their professional context and 

concnerning the use of the digital assistance system in 
particular. The subscales of the questionnaire to meas-
ure the affinity for technology scale (TA-EG) are used as 
guidance. The TA-EG consists of 19 items and four scales 
and has been adequately reviewed in terms of its validity 
and reliability. Due to its scope, it will be used in a short-
ened form in the study and adapted to the specific core of 
the intervention. The modified questionnaire was tested 
in pretests with regard to comprehensibility, practicabil-
ity and temporal scope. Subsequently, editorial changes 
were incorporated (see Table 1).

Measurement period
In the context of the intervention study, the inconti-
nence-affected individuals included are accompanied 
over a system test period of four months. The measure-
ments will take place exclusively in the respective inpa-
tient care facility. For better supervision by the study 
management, the measurements should be carried out in 
a maximum of two facilities in parallel during the project 
period. The measurements will be carried out exclusively 
by the study staff of the University of Applied Sciences 
Neubrandenburg.

A total of seven measurement points are planned for 
the participants of the primary target group. One meas-
urement will take place at the start (t0) and one at the 

Fig. 2 Overview of the digital assistance system from AssistMe GmbH
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end (t6) of the four-month study period. Between these 
two points (t0 and t6), the quantitative surveys will be 
conducted every three weeks (t1, t2, t3, t4, t5). If neces-
sary, when taking the measurements, the study staff of 
the Neubrandenburg University of Applied Sciences may 
be assisted by the nursing staff of the relevant inpatient 
nursing facility (e.g. if a participant has a greater cogni-
tive impairment).

Four measurement points are planned for the indi-
viduals of the secondary target group. One measure-
ment will take place at the beginning (t0) and one at 
the end (t3) of the four-month study period. In the 
meantime, the qualitative and quantitative surveys 
will take place every six weeks (t1, t2) (see Fig. 3 and 
Table 2).

Table 1 Endpoints and measurement tools for the primary target group

Primary endpoints Measurement tools

Incipient falls STRATIFY instrument (St. Thomas’s risk assessment tool in falling elderly inpatients) [39]
• Includes five items / risk factors
• Confirmed validity and reliability [40]
• Quantitative method, third-party assessment
Tinetti Test [41]
• Includes 17 items
• Confirmed validity and reliability [42]
• Quantitative method, third-party assessment
Extrinsic and intrinsic risk factors for the residents
• based on and correlating with the national expert standard on incontinence of the German Network for 
quality standards in care-giving (DNQP) [11]
Analysis of fall records
• Documentation through the nursing facility is mandatory
• Provides important information about occurring falls and possible consequences of falls

Secondary endpoints Measurement tools
Cognitive ability Mini Mental Status Examination (MMSE) [36]

• Consists of five categories with a total of 11 items
• Confirmed validity and reliability
• Used for stratification
• Quantitative method, self-reported scale

Quality of life Quality of life in elders with multimorbidity (FLQM) [43]
• Consists of three items
• Confirmed validity and reliability
• Qualitative and quantitative method, self-reported or third-party assessment scale

Sleep quality and disruptions of sleep Karolinska Sleepiness Scale (KSS) developed by [44], German version based on [45]
• Includes 1 item
• Not yet validated for older people or geriatric patients
• Quantitative method, self-reported or third-party assessment
Richard Campbells Sleep Questionnaire (RCSQ)
• Consists of 5 items
• Quantitative method, self-reported or third-party assessment

Consumption of incontinence materials Complete documentation of material usage

General health Analysis of the nursing documentation for incipient chronic diseases & changes in the severity of existing 
diseases

Fig. 3 Scheduling of the measurements by target group
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Power calculation
The sample size calculation is based on the RCT by 
Chittrakul et  al. [51] in which a special exercise pro-
gram for fall prevention to avoid falls and increase the 
quality of life was developed. The result of the RCT was 
that the participants in the IG fell on average 1.13 times 
(SD = 0.84) and in the CG the average was 2.22 [51]. For 
the current sample size calculation, a more conservative 
estimate was made (M = 1.65) since a less intensive inter-
vention is to be studied that is nevertheless of high clini-
cal relevance. To detect a significant difference between 
the two groups in a two-arm test with a significance 
level of 0.05 and 80% power, we need at least 34 persons 
in each group. Thus, a total of at least 68 persons will be 
included. Due to the high vulnerability of the sample and 
assuming a drop-out rate of about 15%, a total of 80 indi-
viudals will be included with 20 participants from each 
nursing facility (primary target group). The participants 
will be divided into an intervention group and a control 
group.

Concerning the nursing staff, as secondary target 
group, about six to eight individuals in each inpatient 
facility, who are responsible for the incontinence care 
of the participants in the primary target group and rou-
tinely use the assistance system in their daily profes-
sional practice will be recruited. The sampling of nursing 
staff follows a qualitative approach and aims to ensure 
the representativeness of the target group [38] by con-
trasting characteristics such as gender and professional 
experience.

Recruitment
Primary target group
The recruitment procedure is divided into two phases: 
1) The study staff of the Neubrandenburg University of 
Applied Sciences and those responsible from AssistMe 
will visit the participating inpatient nursing facilities. In 
an open event all residents of the facility who are inter-
ested will be informed about the RCT (including the 
aims of the study, procedure and the intervention). This 
is meant as opportunity to ask questions to the persons 
responsible for the RCT. This shall emphasise the abso-
lute voluntary nature of study participation. 2) If the 
residents or their family caregivers/legal guardians indi-
cate interest in participating in the study, they inform 
the responsible nursing staff in the facility. The nurs-
ing staff consolidate the interested parties and forward 
their names to the study staff at the Neubrandenburg 
University of Applied Sciences. The study staff then vis-
its the interested parties again. In a conversation, they 
will be again informed in detail about the RCT as well 
as the intervention. In addition, the inclusion and exclu-
sion criteria will be checked. Residents who meet the 
eligibility criteria and who would like to participate in 
the RCT are then examined regarding their cognitive 
performance using the Mini Mental Status Examination 
(MMSE). Depending on their score, they are assigned to 
the respective strata "cognitively impaired" or "not cog-
nitively impaired." Subsequently, both subgroups are ran-
domized individually into the intervention and control 
group.

Table 2 Outcomes, measurement tools and follow-ups [11, 36, 39–43, 46–50]

Primary outcome Measurement tool t0 t1 t2 t3 t4 t5 t6

Cognitive ability MMSE [36] X

Incipient falls STRATIFY [39, 40] X X X X X X X

Tinetti Test [41] X X X X X X X

Risk factors as per DNQP expert 
standard [11]

X X X X X X X

Analysis of fall records [42] X X X X X X X

Secondary outcomes Measurement tool t0 t1 t2 t3 t4 t5 t6
 Quality of life FLQM [43] X X X X X X X

 Sleep quality and disruptions of sleep KSS X X X X X X X

RCSQ [46–50] X X X X X X X

 Consumption of incontinence material Documentation X X X X X X X

 General health Nursing documentation X X X X X X X

 Effects Qualitative interview X X X X

 Experience Qualitative interview X X X X

 Acceptance Qualitative interview X X X X

 Changes to workflows Qualitative interview X X X X

 Technology affinity TA-EG (modified) X X X X
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Should individuals in the primary target group drop 
out of the RCT prematurely (e.g., due to compelling 
medical or nursing reasons), new particpipants will be 
recruited and included if they meet the inclusion crite-
ria. This post-recruitment is foreseen up to a maximum 
of two months after the start of the system test period.

Secondary target group
Only nursing staff responsible for incontinence care 
of participants in the primary target group within the 
respective inpatient nursing facility will be recruited. In 
addition, they must have attended the training sessions 
concerning the use of the digital assistance system and 
must have consented to participate in the study.

Group assignment
The aim is to ensure that IG and CG do not differ beyond 
the intervention with regard to the prognostic factor of 
the individuals’ cognitive performance. Especially with a 
small sample size, a different approach could promote an 
unbalanced relationship between the two groups [31]. An 
independent researcher, who is not involved in the study, 
performs the allocation with the software Excel (ver-
sion 2018) using a randomization list with simple ran-
dom sampling. During this process, participants are also 
assigned a code (participant ID), under which they and 
their data are managed in the further course of the study.

Blinding
The study information for participants includes informa-
tion about the assigned arms and the randomised design 
of the study. An independent researcher not involved in 
the study performs the allocation using Excel. Partici-
pants, nursing staff, the provider of the digital assistance 
system and research study staff will not be blinded to the 
group assignment.

Data management
Data management is divided into two strands. First, data 
from all survey points, all measurement times and assess-
ment tools (e.g., MMSE) will be documented using elec-
tronic case report forms (eCRF). If possible, a plausibility 
check is performed when the data is first entered into the 
system. Only the anonymised particpant IDs are used for 
the eCRFs. Identifying data that enables the allocation 
of a participant ID to an individual are stored separately. 
Only the project management has access to this data after 
random allocation and assignment of the participants 
IDs. The data is stored on a central network system based 
on the data management system of the Neubranden-
burg University of Applied Sciences in line with current 
standards for data security. Access to this network sys-
tem is only granted to study staff at the Neubrandenburg 

University of Applied Sciences. Access to the system can 
only be granted by the technical administrator of the Fac-
ulty of Health, Nursing, Management after prior agree-
ment. After completion of the study, the identifying data 
will be stored physically separate in the Neubrandenburg 
University of Applied Sciences. All study information 
in paper format, including the written declarations of 
informed consent and the questionnaires, will be stored 
in sealed filing cabinets in areas with restricted access. 
The individuals included in the study provide a written 
declaration of informed consent based on comprehensive 
verbal and written information provided about the study. 
All consent forms will be stored in the Neubrandenburg 
University of Applied Sciences. If a study participant lim-
its his or her consent, the limitation is documented and 
the subsequent data analysis is performed in accordance 
with the imposed limitations. If a person withdraws his or 
her consent, all data will be removed, with the exception 
of data that was published prior to the withdrawal of the 
consent. All data will be analysed only in an anonymised 
format. For publications, only aggregate data that does 
not permit personal identification will be used. Data will 
only be shared without identification of the participants. 
Data management and the documentation process will be 
monitored by the study management.

The second part of the data management covers data 
collected during the study intervention. The data transfer 
between the individual components of the digital assis-
tance system (wearable, node, edge computer, cloud) is 
end-to-end encrypted using a high security standard. 
End-to-end encryption means that no plain text is trans-
mitted at any point during data transmission and the 
transferred data can only be decrypted by the intended 
senders and recipients. The sensor data will be trans-
ferred in anonymised format by allocating it to the ID 
of the wearable. Personal data (name of the resident, 
sex, date of birth, assigned wearables, nursing facility, 
room information, assigned ward mobile phone/nurs-
ing staff) is also stored in a particular part of the cloud 
backend, the Business Logic Server, and the sensor data 
will be allocated to the participant’s personal data using 
the wearable ID. This allocation is essential because oth-
erwise a detected incontinence event cannot be matched 
to a resident and the responsible nursing staff cannot 
be informed via digital end device. The merging of sen-
sor data and personal data in the cloud backend meets 
high security standards and thus ensures that the system 
offers as few attack points as possible for an unauthorized 
extraction, manipulation or use of personal data, e.g. by 
hackers.

After completion of the project, the records, tran-
scripts and questionnaires will be sealed, stored for ten 
years and then destroyed. The contact data necessary to 
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carry out the study is stored separately from the records, 
transcripts, questionnaires and description of the results. 
Both data sets will be kept locked. The mandatory data 
protection information required by law is complied with 
(2016/679/EU and State Data Protection Act for the State 
of Mecklenburg-Vorpommern of 22.05.2018).

Data monitoring and recording
A Data Monitoring Committee (DMC) is not established 
as there is no blinding and adverse events can be reported 
directly to the study staff. All aspects of the intervention 
are part of the conventional nursing care of incontinence. 
There are no interim analyses planned and all results will 
be analysed after the data collection is completed.

Statistical methods
The data material will be analysed using SPSS. The focus 
of the evaluation will be on descriptive analyses and cor-
relation analyses. Conclusively, the results will be evalu-
ated and presented in a stratified manner. The following 
methods will be used to answer the research questions: 
Regression analyses, MANOVA with measurement rep-
etition, correlation analysis, multilevel analysis and chi-
squared tests. The results of the qualitative interviews 
will first be transcribed and then analysed using qualita-
tive contents analysis [52] and MAXQDA software.

Logistical implementation of the study project
In the context of the RCT, in addition to the techni-
cal and methodological points, the underlying logistical 
process must also be comprehensively defined and coor-
dinated with the project partners involved so that regu-
lar nursing care is not restricted at any time. Therefore, 
after randomization of the sample into intervention and 
control group, detailed micturition profiles of the par-
ticipating residents are additionally established by the 
incontinence care provider responsible for the respective 
nursing facility. The ICM requirements will be reported 

to the ICM manufacturer. Concerning the intervention 
group, AssistMe obtains the personal ICM requirements 
for a usage time period of four to six weeks as well as the 
ICM from the ICM manufacturer. AssistMe then attaches 
the digital incontinence sensors to the ICM and sends the 
material to the according nursing facility. In parallel, the 
ICM manufacturer delivers the original ICM require-
ment to the nursing facilities to ensure that the supply is 
not limited at any point. This will be particularly effec-
tive if the RCT has to be paused or ended due to drop-
out criteria. This will ensure that the standard care can be 
resumed at any time, independent of the digital inconti-
nence management (see Fig. 4).

Possible harms
The project partner AssistMe GmbH has already 
coducted numerous tests of the digital assistance sys-
tem for incontinence care in the past. Harm due to heat 
through the sensor or other personally hazardous techni-
cal malfunctions can be ruled out.

To ensure that the system and the app function 
without interference, technical devices with electro-
magnetic emissions in microwave range are installed 
within the inpatient care facility (router, charger, node). 
Damage or incidents due to electromagnetic exposure 
or compatibility problems are not to be expected, as 
all necessary electromagnetic safety checks (electro-
magnetic compatibility) have been carried out and the 
specifications are fully met by AssistMe GmbH. The 
tests also showed no restrictions for the participants 
with regard to freedom of movement or wearing com-
fort of the ICM. Further comfort tests are currently 
being carried out to determine whether patients expe-
rience unpleasant pressure sensations from the sen-
sor attached to the incontinence material when lying 
in certain positions (especially in the prone position). 
However, significant problems are not expected due to 
the small size and height of the sensor. Regarding the 

Fig. 4 Logistical process of the ICM supply within the study project
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quality of the care, no deterioration is expected since 
the digital assistance system will only complement tra-
ditional nursing measures as part of incontinence care 
but shall by no means replace them. Standard care is 
assured for all participants. If problems with the sys-
tem should develop, those affected in the intervention 
group can immediately switch to standard care.

In rare cases, participants in both target groups may 
experience psychological discomfort. On the one hand, 
this may be due to the fundamental topic of incon-
tinence and incontinence care, which is often still a 
taboo subject in society. On the other hand, the sen-
sors on the incontinence material record data con-
tinuously (24/7), which may result in an unpleasant 
feeling of being monitored. Particularly in the case of 
nursing staff, the impression could arise that they may 
be checked for possible nursing fails. These potential 
negative perceptions should be countered with trans-
parent information at the beginning of the study as well 
as with close-meshed discussions with the persons con-
cerned if necessary.

In addition, the secondary target group may also 
experience a time burden and technical overload, as 
they are expected to use and apply a new care system 
in parallel to the standard care of incontinence. Espe-
cially at the beginning of the study, when there is no 
experience in using the assistance system yet, or in 
already stressful situations in the daily work of the 
nursing staff, the use of the system could rather be 
perceived as a burden. These expected impairments 
are to be countered on the one hand with an intensive 
explanation of the handling and use of the system, and 
on the other hand with close-meshed conversations in 
the case of perceived challenges, especially in the first 
weeks of the study. Basically, all problems and wishes 
expressed by both target groups are taken very seri-
ously by the study staff, and they are always responded 
to promptly.

A further risk could be the occurrence of COVID 
cases in the care facilities, whereby the facilities or the 
care personnel may wish to withdraw from participa-
tion due to the time required for the study project, or 
further participation is only possible under more diffi-
cult conditions.

Furthermore, there may be unwanted consequences for 
the study project from an environmental perspective due 
to the single use of the sensors. As part of the study pro-
ject, resource-efficient production as well as the possibil-
ity of multiple use will be tested. In this regard, the study 
project aims to find ways to enable a multiple use or sus-
tainable mass production of the incontinence sensors. 
As part of the project, indications for a more favorable 

mass production and/or multiple use of the sensor will be 
developed.

Audit
All funds and invoices will be managed by study-inde-
pendent employees in the administration of the Univer-
sity of Applied Sciences Neubrandenburg.

Distribution
The study results will be made available to the scien-
tific public through conferences and international jour-
nals, and to the general public through presentations in 
healthcare organizations and national congresses. In the 
long term, the project is intended to contribute to the 
further development of new quality-assured forms of 
care and action in nursing practice.

Discussion
The results of the RCT are expected to provide reliable 
data regarding improved incontinence care. The focus 
is primarily on the possible improvement of the quality 
of life and dignity of those affected, as they are severely 
impacted by the taboo that often surrounds the issue and 
by additional health problems associated with inconti-
nence (including falls) [4]. The study results should also 
show positive effects on the quality of sleep of those 
affected, which is often very low due to the nature of the 
condition and the unnecessary changes of incontinence 
material at night [14]. The use of a sensor-based assis-
tance system for incontinence care could help to signifi-
cantly reduce the vulnerability of those affected and the 
use of force when changing the incontinence material 
[10]. Since progressive urinary and faecal incontinence as 
well as the associated excessive demands in dealing with 
it are not uncommon reasons for entering inpatient care, 
a reliable and easy-to-use digital assistance system could 
help to relieve the burden on family caregivers and give 
those affected the opportunity to remain in their homes 
longer than before [53].

In addition, data will be determined as to whether and 
how processes in inpatient care settings can be improved 
using a digital assistance system. In the long term, the use 
of digital assistance systems for incontinence care may 
lead to new nursing and care concepts that support inpa-
tient long-term care. The results of the study are to be 
processed in form of recommendations for action and to 
provide information on possible transferability to stand-
ard care. Focal points are:

• conceptual elaboration concerning nursing facilities 
with recommendations for data protection

• information of those in need of care
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• technical implementation, use and maintenance of 
the digital assistance system

• cleaning and disposal of the sensor technology
• nursing staff training

Another focus is on economic feasibility studies, which 
consider implementation and transfer to care settings 
in inpatient facilities even after the end of the funding 
period. For outpatient services, the study also provides 
information on the application and implementation of 
the digital assistance system.
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