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People with urinary incontinence (UI) often face a significant social stigma feeling
ashamed of their condition and worrying about others discovering it. In order to
improve the quality of life of those with incontinence, recent technological
advancements enabled the development of non-invasive devices for detecting
urinary leakage (UL). However, no comprehensive study has been conducted to
state themost suitable types of sensors and the fundamental features necessary to
design such devices, while also pointing gaps for future research. To address this,
we conducted a mini review using four electronic databases limiting our search to
English-written papers published in peer-reviewed journals. We retrieved articles
that met the chosen inclusion criteria and classified them based on sensor type
used, its location, the detection technique employed, and whether it was an
e-Textile design and a reusable product or not. Across the studies, UL was
detected using different approaches leading to heterogeneous results.
Electrodes commonly used as sensing elements, along with textile as substrate
material, and an indicator of UL based on resistance value, appeared to be widely
exploited. However, the outcomes were not correlated with any specific type of
UI. Consequently, we hypothesize that any non-invasive device could potentially
be used for different types of UI. Nevertheless, further studies need to be
conducted to confirm this statement. The designed literature mapping
provides readers with an overview of the recent non-invasive wearable
technologies in UL detection and offers a roadmap for future innovations.

KEYWORDS

urinary incontinence, urinary leakage, sensor, detection, non-invasive

1 Introduction

Urinary incontinence (UI), defined as an involuntary loss of urine, affects around
420 million adults worldwide (Milsom and Gyhagen, 2019). Studies conducted in multiple
countries reported a prevalence of UI ranging from 5% to 70%, with the highest prevalence in
women (Milsom et al., 2013). Among the people with UI, 72% were women and 28% were
men. Depending on the diagnostic, UI is commonly categorized as 1) stress incontinence
(involuntary leakage occurs on physical exertion); 2) urge incontinence (sudden need to void
associated with loss of urine); 3) mixed incontinence (combination of both stress and
urgency incontinence); 4) overflow incontinence (incomplete bladder emptying) and 5)
functional incontinence (caused by mental or physical disability) (The Canadian Continence
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Foundation, 2018). Consequences of incontinence are significant
since it greatly affects the quality of life (QoL) of the affected people
(depression, social isolation, etc.), and also the QoL of the caregivers
in terms of responsibilities and emotional toll. In addition, there are
direct and indirect financial expenses for the patients (diapers costs,
absenteeism, loss productivity), and for the insurances (healthcare
costs) (The Canadian Continence Foundation, 2014).

To reduce the urinary symptoms, various approaches have
been developed. The first line management of UI is non-surgical
and includes conventional methods such as lifestyle modifications,
pelvic floor muscle training and bladder training (Dumoulin, 2016;
Lamin et al., 2016). However, for many patients, access to these
programs remains a barrier since the costs are not covered by
healthcare plans (The Canadian Continence Foundation, 2014).
Besides lifestyle changes (such as weight loss) and physiotherapy,
pharmacotherapy is also used as conservative treatment of UI.
Several drugs (mirabegron, duloxetine, etc.) have been approved to
treat certain types of UI (Gandi and Sacco, 2021). They result in
many side effects (dry mouth, constipation, potential cognitive
impairment, etc.) (Vaughan and Markland, 2020), making the
reduction of urinary symptoms more difficult. Multiple surgical
methods such as colposuspension, anterior colporrhaphy, needle
suspension and sling procedures are also available as alternatives
solutions (Akdemir et al., 2020). However, not only is there a
disagreement about the precise technique by which the
incontinence can be addressed, but also, they are associated
with a high complication and complex procedure (Aoki et al.,
2017). While the effects of these methods on the UI remain
unchanged over time, pads, diapers, urine collection devices or
other minimally invasive techniques, such as laser therapy,
urethral bulking agents, etc. (Alsulihem and Corcos, 2021;
Anand et al., 2021), are also explored to improve QoL of people
with UI. Despite their potential benefits, many affected people are
still embarrassed to talk about their own condition. Consequently,
there is a need to tailor another solution to remove the barriers to
treatment.

Rapid urinary leakage detection (ULD) using a comfortable
non-invasive system could improve the QoL of people with UI.
Recent advances in technology have made it possible by opening a
promising avenue. To our best knowledge, no comprehensive
research study has highlighted the non-invasive technologies
available in literature for ULD, to better guide caregivers and
researchers in their decision-making. Jung et al. (Jung et al.,
2015) proposed an overview of traditional products and
automatic urine systems where no finding was reported regarding
non-invasive wearable devices. Another comparative review (Porter
et al., 2022) summarized the technology related to microwaves and
their applications for UI as well some recommendations. However,
the development and analysis of non-invasive devices were not the
study’s focus. Very few commercial systems such as Opro 9 (Opro9,
2022), Smardii’s (Smardii, 2019), Therapee (Therapee, 2022) exist
and are well known for real-time urine detection. These devices are
mostly designed for children, and assuredly are very expensive,
complex and need training for users. Documentary search in
literature allowed us to remark that they are not widely accepted
and require a license to use. Moreover, their validity is not clearly
established since they are not well documented. Therefore, such
devices are not covered in this paper.

Considering the medical importance of the UI and its related
societal aspects, our objective was to present a mini review of
original published papers on ULD utilizing non-invasive
technologies. In this context, non-invasive refers to procedures
where data are measured without inserting a device into the
body. To achieve this, we conducted a systematic review to
highlight the necessary features for optimal ULD focusing on
sensor technology.

2 Methodology

This mini review has followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Four
electronic databases (IEEE Xplore, Scopus, Web of Science and
PubMed) were searched for studies reporting information on
urinary incontinence, non-invasive technologies, detection and sensors.
Each database was limited to articles published between 2007 and May
2023. References retrieved from the four databases were exported into
the Covidence systematic review software. After removing duplicate
papers from the search results, two independent reviewers screened the
titles and abstracts to identify potentially eligible articles. In cases where
the reviewers had differing opinions, a third reviewer was consulted to
make the final decision regarding the selection. All authors
independently reviewed the full-text articles of the pre-selected
references to determine if they met the following selection criteria.

• 1) used non-invasive devices with sensors; 2) on adults aged
18 years or older; and 3) published in English.

The extracted data are: full article reference, participants’
characteristics (if available), features in the experimental protocol
and study design. Additionally, the minimal urine volume detected,
and the types of UI were recorded. Finally, the reported accuracy of
the results was also documented.

3 Results

Our electronic databases search yielded 640 articles, of which
361 duplicates were removed. Among the 279 remaining records,
250 were excluded during the title and abstract screening. A full text
review was conducted for the remaining 29 references resulting into
12 articles thatmet the inclusion criteria. The search history and selection
process are presented in Supplementary Material. Most of the included
articles were published in the past 10 years. Figure 1 presents the most
recent non-invasive wearable devices used for ULD. In Table 1, we
provide a summary of the survey results of 12 non-invasive systems. To
characterize these systems, we mainly used 5 classes: sensor type, sensor
location, detection technique, e-Textile design, and reusable.

3.1 Types of sensors

During the study of related works, we extracted six different types of
sensors (Figure 1). The predominant type among them is the
conductivity sensor. A conductivity sensor consists of electrodes
used to measure electrical resistance or voltage. Most of the included
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studies (n = 6) reported a conductivity sensor as a single sensor for ULD
(Table 1). Wang et al. (Wang et al., 2009) combined this type of sensor
with a 3D-accelerometer and inclinometer. Their study demonstrated
that a combination of sensors can accurately detect 0.5 mL of urine
leakage during physical activities. As observed in the literature, the gas
sensor needed to be combined with a humidity and a temperature
sensor (Ortiz Pérez et al., 2017; Esfahani et al., 2020). However, the
humidity sensor could also be used independently (Tekcin et al., 2022)
(Figure 1). On the other hand, sensing elements such as light sensors
and biosensors are less exploited in the existing literature (Table 1).

3.2 Study design

In this review, we restricted the sensor location to two options: 1) the
sensor is located on a casing and attached to the underwear, diaper, bed
mat or belt; or 2) the sensor is directly printed on a diaper. Among the
experimental designs in literature (Table 1), diapers were the first case

reported. The substances (biofluids or gases) that can be used to test the
functionality of a system intended to detect UL are also highlighted in
Table 1. Different concentrations of solution have been used but there is
no homogeneity between them.However, the literature has proved that a
non-invasive device could be able to detect 0.5 mL as the amount of UL
(Wang et al., 2009). Unlike other studies, Esfahani et al. (2020) and Ortiz
Pérez et al. (2017) demonstrated that their system could detect gases like
Methyl mercaptan, which could be found in urine. For optimal results,
Esfahani et al. (2020) showed that the data collected can be flowed to a
neural network to identify synthetic urine from other odours with 100%
accuracy.

3.3 Detection techniques and
measurements

Voltage, current and resistance are the measurement methods of
ULD reported. Despite differences in methodologies across studies,

FIGURE 1
The different types of sensors embedded in non-invasive devices for urinary leakage detection (A–B) Conductivity sensor, image adapted
respectively from (Wang et al., 2009), with permission from (copyright 2009, IEE) and (Tanaka et al., 2021) licensed CC-BY- 4.0 (C andD)Combination of
gas, humidity and temperature sensor, adapted respectively from (Ortiz Pérez et al., 2017) licensed CC-BY- 4.0 and (Esfahani et al., 2020) with permission
from (copyright 2020, IEEE) (E) light sensor, adapted from (Ishida et al., 2012) licensed CC-BY- 4.0 (F) Biosensor, adapted from (Su et al., 2022) with
permission from (copyright 2022, Elsevier) (G) Humidity sensor, adapted from (Tekcin et al., 2022) licensed CC-BY- 4.0.
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TABLE 1 Features for urine detection design.

Author(s),
years

Sensing
elements

#Sensor unit
dimensions

(mm)

Sensor
location

Detection
technique

Biofluid/Gas
tested and
sensitivity

Limit
detection

e-T Reusable

Esfahani et al.
(2020)

Gas, Humidity,
Temperature

*120 × 103 × 53 N/A Resistance Ammonia, 1 ppm N/A No N/A

Acetone, 1 ppm

Ethyl acetate, 1 ppm

Synthetic urine, 5%

Fernandes et al.
(2011)

Conductivity N/A Underwear Resistance Dry State 1 MΩ Yes
(Level
2)

Yes

Tap water 120 kΩ

Saltwater, 10 mL,
0.1 mol/L

80 kΩ

Urine 60 kΩ

Fischer et al.
(2019)

Conductivity N/A Bed mat Resistance Dry state 1.5 MΩ Yes
(Level
2)

Yes

NaCl solution, 20 mL,
1 g/L

20 kΩ

Ishida et al.
(2012)

Light N/A Underwear Voltage Dry state 3.58 V No Yes

Urine 8.78 V

Tap water 8.78 V

Saltwater 9.08 V

Nag et al. (2017) Conductivity N/A N/A Resistance NaCl solution,
300 ppm

(0.00513 mol/L,
0.3 g/L)

0.25 kΩ No Yes

Ortiz Pérez et al.
(2017)

Gas, Humidity,
Temperature

*70 × 60 × 25 Belt Resistance Methyl mercaptan,
1 ppm

N/A No N/A

Dimethyl sulfide,
1 ppm

N/A

Ammonia, 20 ppm N/A

Sakamoto et al.
(2018)

Conductivity 26 × 25 × 6 Diaper Voltage Artificial urine,
100 mL

0.6 V Yes
(Level
2)

No

Su et al. (2022) Bio 35 × 6 Diaper Current Glucose solution,
0.1 mMol/L

(0.0001 Mol/L)

0.0199 μA Yes
(Level
2)

No

Uric acid solution,
0.1 mMol/L

0.1986 μA

Tanaka et al.
(2021)

Conductivity 26 × 25 × 6 Diaper Voltage Artificial urine,
300 mL

0.6 V Yes
(Level
2)

No

Tanaka et al.
(2014)

Conductivity 26 × 25 × 6 Diaper Voltage Artificial urine, 80 mL 0.5 V Yes
(Level
2)

No

Tekcin et al.
(2022)

Humidity 46.74 × 24.13 Diaper Resistance Dry state 15.52 MΩ Yes
(Level
4)

No

Saltwater, 0.1 mL 11.71 MΩ

Wang et al. (2009) Conductivity
(Acc, Inc)

30 × 30 Diaper Resistance Urine, 0.5 mL N/A Yes
(Level
2)

N/A

1) e-T: e-Textile (Yes: the proposed system is e-Textile., No: non-textile). Textile is related to the surface where the sensor unit is integrated. The different levels (Level 2 or Level 4) are defined in

section 3.4; 2) ppm: parts per million; 3) N/A: not available; 4) Acc: accelerometer; 5) Inc: inclinometer; 6) #: all systems are portable, and the reported dimensions (Length, Width and Height

when available) are in millimeters; 7) *: Means that the electronics and all sensing components are packaged.
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all of them involve directly electrical signals. In the presence of urine,
the literature has consistently shown a decrease in the resistance
values when the changes in electrical impedance are measured
(Table 1). For example, Tekcin et al. (Tekcin et al., 2022) and
Fischer et al. (Fischer et al., 2019) respectively reported high
resistance values (in MΩ) at dry state (Table 1). By adding
20 mL of biofluid, the resistance value measured by the sensor
dropped to 20 kΩ (Fischer et al., 2019). Voltage and current
variations are also used as indicators to differentiate between wet
and dry state; however, no study has reported clear outcomes
regarding the detection limit value and its corresponding range.
In most studies, measurements are then sent to an external device
like a smartphone, where parameters such as humidity and
temperature (Esfahani et al., 2020), and the presence of urine,
along with other raw sensor data are displayed.

3.4 Textile technology and care clean

To enhance reliability, flexibility and discretion, some studies
have investigated textile-based support. According to the European
committee of standardization (ISO/TR 16298, 2011), the integration
of electronics into a textile can be identified by four different levels:
a) Level 1 (the electronics are removable without damaging the
product); b) Level 2 (attached, i.e., it is not removable without
destroying the product); c) Level 3 (mixed, i.e., combination of
textile integrated and attached components); d) Level 4 (full textile
solution: textile finishing) (Simegnaw et al., 2021). Among the
8 studies dealing with e-textile and classified according to the
different levels (Table 1), only 2 studies proposed washable
products (reusable) while other systems are disposable (not
reusable). In certain cases, the sensor was directly printed on a
textile (Fischer et al., 2019) and its position can vary from covering
the full length of the diaper (Sakamoto et al., 2018) to being located
to a small part of the diaper (Wang et al., 2009).

4 Discussion

The performance and the different limitations of the sensors are
discussed in the following subsections in order to guide the next
innovations.

4.1 Performance and limitations of sensors in
non-invasive devices

4.1.1 Conductivity sensors
From the literature, the conductivity sensor such as used in

Tanaka et al. (2014); Tanaka et al. (2021) and Sakamoto et al. (2018)
is the most commonly used sensor for ULD (Coulombe et al., 2023),
probably because of its versatility and availability in different types.
However, devices using this type of sensor were unable to distinguish
urine from sweat, resulting in false messages convey to the patient
(Fernandes et al., 2011). This issue can arise from physical effort, hot
weather conditions or women experiencing menopause. To overcome
this situation, Wang et al. (2009) proposed a system incorporating an
accelerometer and inclinometer. Their systemhas the capability to detect

0.5 mL of urine as well as the patient’s activities (walking in treadmill,
jumping, etc.). However, no research in the literature has assessed the
impact of sequential activities (rising from a chair and sitting down, lying
down and standing up, etc.) on sensor’s results. Thus, further research is
required to fully address false triggering challenges. To ensure that the
sensor will not easily damaged (loss of conductivity due to usage,
washing of the electrodes made of conductive yarns, etc.) Fischer
et al. (2019) introduced a reference electrode to enhance longevity
and allow flexibility in adjusting the threshold value for detecting
incontinence. All systems exploiting conductivity sensors have an
e-textile level of 2, except the study of Nag et al. (2017).

This type of sensor has either 0 or very low energy consumption
until urine is present. Indeed, it is important to note that
conductivity is influenced by factors such as temperature and
humidity. Changes in either of these factors can alter
conductivity measurements and decrease the performance of
urinary leakage systems.

4.1.2 Gas, humidity and temperature sensors
Gas sensors demonstrated valuable results in detecting specific

gas molecules found in urine with very high sensitivity. However, the
devices involving gas sensors seem to require the use of humidity
and temperature sensors. According to Esfahani et al. (2020) and
Ortiz Pérez et al. (2017), ammonia, acetone, ethyl acetate, etc., can be
detected with a concentration as low as 1 ppm. However, several
limitations should be noted. Firstly, one drawback from the survey
works is that they have been tested in controlled lab conditions
where gas flow is regulated. In real-life situations, we believe that
factors such as bodymovement, wind, proximity to areas where dogs
or other individuals have urinated, etc., could significantly affect the
accuracy of their findings. Secondly, the gas sensors have a
continuous active energy consumption, which means they
constantly consume energy during data collection. The two gas
detectors utilized in the literature (Ortiz Pérez et al., 2017; Esfahani
et al., 2020) are rather large for discreet utilization in ULD system. It
should be noted that neither of these gas detector devices are
e-textile-based (Table 1). Indeed, they are separate devices that
need to be added to the patient, typically in the belt region or
other applicable areas (Figure 1).

Tekcin et al. (2022) have experimented with a single humidity
sensor used in different ways contrary to those reported in (Ortiz
Pérez et al., 2017; Esfahani et al., 2020). Indeed, the authors
demonstrated promising results by achieving a level 4 of e-textile:
flexible, washable and durable fully integrated sensor in fabric. This
humidity sensor has high sensitivity allowing it to detect 0.1 mL of
saltwater. However, it was unable to distinguish urine from sweat.

4.1.3 Biosensors and light sensors
Biosensor was capable of detecting concentrations as low as

10−4 mol/L of glucose or uric acid found in urine (Su et al., 2022).
This sensor does not consume energy when urine is absent. It
distinguishes itself from others by generating its own electric
signal through a chemical reaction upon contact with urine. As
an e-textile of level 2, with low energy requirement, and high
sensitivity towards specific molecules present in urine, the
biosensors have promising applications for urine incontinence
detection systems (comfortable, convenient and efficient), as well
as large health monitoring applications.
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The light sensor developed by Ishida et al. (2012) stands out as the
only photosensor among the examined articles. They demonstrated the
capability to successfully detect urine by measuring the change in
voltage when a liquid leaks into the patient’s underwear. This can
be promising for patients with occasional urinary incontinence who
prefer not to wear a diaper. However, further research is required for the
development of a smaller and more discreet system that can be
integrated into clothing. As seen in Figure 1, this system can be
uncomfortable to wear due to its heaviness. Although this device is
not an e-textile, exploring the possibility of incorporating it into clothing
is a viable option worth considering.

4.2 Robustness and sensor damage

All non-Textile systems except Nag et al. (2017) have exploited
commercial sensors such as HumidIcon 6,100 series (Ortiz Pérez et al.,
2017), BME280 (Esfahani et al., 2020), CCS811 (Esfahani et al., 2020),
SFH4110 (Ishida et al., 2012). Based on the technical specifications
(Honeywell HIH6100, 2023; ams-OSRAM USA INC, 2007; ams
Datasheet, 2016; Bosch Sensortec, 2018), these sensors cannot be
easily damaged except in case of improper operations during
embedding procedure. Moreover, in a product intended to be used
for UL, we believe that sensors cannot be easily damaged when they are
enclosed in a small casing (Ortiz Pérez et al., 2017; Esfahani et al., 2020).

The e-Textile systems are manufactured products in which
electronic components are embroidered in a textile. Although,
Fernandes et al. (Fernandes et al., 2011), emphasized the
development of a robust circuit, no research work has yet diagnosed
damaged sensors and their robustness by establishing a clear testing
procedure. Nevertheless, we cannot deny that embedded sensors in a
textile for UL detection remain a new area research. The process
requires several tests before confirming its robustness, including its
durability under different usages.

4.3 Challenges for the development of ULD
system

One of the most challenging aspects of a UL system is to develop
a solution that is both comfortable and discreet, allowing patients to
wear it with ease. Esfahani et al. (2020) concluded that although their
system seemed to be effective, it would be too large for a person to
wear comfortably. Studies attempting to design a small and portable
device, suitable for comfortable use, failed to propose a device with a
rapid response time. In study conducted by Fernandes et al. (2011),
it was noted that when trying to fabricate a more discreet system, the
detection accuracy decreases, leading to potential false alarms.

4.4 Conclusion and future perspectives

In this paper, we aimed to provide an overview of the current state
of the art and guide the future developments by reviewing the recent
advances in non-invasive technologies for UI detection. To date, no
study has proposed a device considering the type of UI. We therefore
hypothesize that any non-invasive device could potentially be used for
any type of incontinence. Although this paper presents significant

features for device design, it also has some limitations. Firstly, three
of the included articles are from the same group of researchers, under
the same project. This can introduce statistical biases in our results, as
any shared methods among these studies may influence the overall
findings. Secondly, the research was solely conducted using data from
four databases, potentially excluding other essential articles. To achieve
a more comprehensive review, additional databases could be explored
in future works allowing a broader understanding of the advancements
of UI devices. The next innovations for UI detection should also
evaluate the physical activities of the user. Machine learning and
other models can be integrated in order to face the complications of
human activity in the real world.
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