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Global research trends and clinical pathway integration in behavioral
therapy for urinary incontinence: A scientometric and visualization analysis
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Background: Urinary incontinence (UI) results from weakened pelvic tissues or a functionally impaired sphincter. While
surgery is effective, its invasiveness limits its extensive use. Behavioral therapy, particularly pelvic floor muscle training
(PFMT), offers a non-invasive, non-pharmacological alternative for improving urinary control. Objective: This study
investigated global research hotspots and emerging frontiers in behavioral therapy for UL, aiming to clarify its core components,
evidence base, and collaborative frameworks to inform the optimization of clinical pathways. Data were retrieved from the
Web of Science Core Collection (2005-2024) using the terms “urinary incontinence” AND “behavioral therapy.” CiteSpace
was employed for co-citation, burst detection, and cluster analyses, whereas Bibliometrix (R package) was used to evaluate
publication trends, author collaboration, thematic evolution, and scientific mapping. Extracted behavioral intervention
parameters (type, frequency, and duration) were compared with current clinical pathway guidelines to identify gaps and
alignments. The United States of America, the United Kingdom, and China were leading contributors to UI behavioral
therapy research. The thematic evolution shifted from early “lifestyle interventions” to “smart sensor-based training” and,
more recently, to “artificial intelligence-assisted rehabilitation.” Keyword clustering revealed nine major research themes,
emphasizing PFMT, bladder training, biofeedback, and digital self-management. Thematic analysis revealed a growing
focus on digitalization, personalization, and adherence management. Integration with clinical pathways highlighted gaps in
adherence monitoring, personalized intensity adjustment, and digital follow-up mechanisms. Conclusion: The scientometric
visualization analysis elucidates the knowledge structure and developmental trends, providing a foundation for the development
of standardized, technology-enabled, and ethically governed clinical pathways.

Keywords: Urinary incontinence, Behavioral therapy, Visualization analysis, Bibliometrics, Clinical pathway, Digital
health ethics

enhance central inhibition, and behavioral control strategies
that modulate voiding habits. This approach enhances patient
self-efficacy and has demonstrated effectiveness in improving
treatment adherence and modifying behavior.> Numerous

1. Introduction

Urinary incontinence (UI) primarily results from the
degeneration and weakening of pelvic connective and
vaginal supportive tissues, which compromise support for the

bladder neck and urethra. This dysfunction may stem from
neurological disorders, defects in supportive structures, or
insufficiency in urethral sphincter function.! Both conservative
and surgical interventions aim to enhance urethral support
and continence mechanisms. Although surgery is clinically
effective, its invasive nature and potential complications
restrict its use. In contrast, behavioral therapy offers a safe,
non-pharmacological, non-invasive first-line option with
significant clinical and social benefits.? Its core principle
involves pelvic floor muscle training (PFMT) to improve
long-term urinary control and restore physiological function.

Key components of behavioral therapy include PFMT
to strengthen urethral sphincter muscles, bladder training to
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studies and international guidelines consistently recommend
behavioral therapy as the initial treatment for all types of UL*
However, current clinical pathways remain fragmented and
lack systematic integration into routine care.

To bridge these gaps, the present study employed CiteSpace
and Bibliometrix to systematically map the domain’s
intellectual structure, research hotspots, and collaboration
patterns in this field.>¢ The core elements and evidence
derived from this bibliometric analysis are then compared
with existing clinical pathways to identify optimization
opportunities, thereby supporting the standardization,
scientific rigor, and accessibility of Ul behavioral therapy in
clinical practice.

2, Data and methods
2.1. Data sources and retrieval strategy

The literature search covered the period from January 1,
2005, to December 31, 2024, and was limited to articles and
reviews, excluding conference abstracts, editorials, and letters.
Data were retrieved from the Web of Science Core Collection
(WOSCC), including the Science Citation Index Expanded
and Social Sciences Citation Index. The search strategy and
screening criteria are summarized in Table 1. The initial filtering
of search results was conducted using the WOSCC subject
categories to confine records to relevant research domains.
Subsequently, titles and abstracts were screened manually to
exclude studies explicitly focused on pediatric populations,
animal experiments, or non-behavioral interventions (such as
purely pharmacological or surgical research).

2.2, Data processing and analysis

Bibliometrix was used to analyze publication volume, country,
and institutional output, national collaboration networks,
thematic evolution, and strategic diagrams. Duplicate entries
were detected and eliminated using the integrated data-cleaning
utilities of the Bibliometrix R package. To enhance analytical
consistency, author-supplied keywords were systematically
merged and standardized. For instance, “pelvic floor muscle
training” and its abbreviation “PFMT” were consolidated under
the unified descriptor “pelvic floor muscle training.” CiteSpace
(v6.3.R1) was applied for keyword clustering, co-citation
analysis, and burst detection. The parameters were configured
as follows: The analysis was divided into consecutive time
slices spanning from 2005 to 2024, with each slice covering a
1-year duration. The selection criterion was set to include the
top 50 most frequently cited or occurring items within each
individual time slice. For network simplification, the Pathfinder
algorithm and the Pruning Sliced Networks method were
applied. Author-supplied keywords were systematically merged
and standardized. Of the 1126 articles included, 14 (1.24%)
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Table 1. Search and filter conditions

Category Search strategy

Search terms TS = (“urinary incontinence” AND (“bladder training”
OR “bladder drill” OR “timed voiding” OR “scheduled
voiding” OR “habit training” OR “pelvic floor

muscle train*” OR “PFMT” OR “kegel exercis*”” OR
“behavior* therapy” OR “behavior* intervention” OR
“lifestyle intervention” OR “fluid management” OR

“weight reduction” OR “biofeedback”))
FPY = (2005-2024)

LA = (English)

DT = (Article OR Review)

Urology Nephrology OR Obstetrics Gynecology OR
Nursing OR Rehabilitation OR Health Care Sciences
Services OR Geriatrics Gerontology OR Public
Environmental Occupational Health OR Surgery OR
Oncology OR Multidisciplinary Sciences

Publication year
Language
Article type
Research field

lacked author keywords, and 2 (0.18%) had no Keywords Plus.
Given the minimal missing data, no imputation was performed.
Comparative analysis was conducted between thematic clusters
and clinical guidelines (European Association of Urology 2022,
National Institute for Health and Care Excellence NG123, and
American Urological Association 2019) to identify research—
practice alignment and implementation gaps.

3. Results
3.1. Publication output

From 2005 to 2018, annual publication volume remained
low and fluctuating. A rapid growth phase began in 2019 and
has continued steadily, reaching 103 publications by 2024
(Figure 1). This trajectory indicates sustained global interest
and expansion in behavioral therapy research for UI.

3.2. Literature citation frequency and core literature

The top 10 most-cited publications (Table S1) consisted mainly
of systematic reviews and clinical guidelines addressing risk
factors, intervention efficacy, and post-operative management.
These high-impact studies reflect the field’s strong orientation
toward evidence-based practice and clinical translational
applicability.

3.3. Country/region collaboration network analysis

The number of publications varies among countries
(Table S2). The United States of America (USA; 235 papers)
and China (114 papers) dominate output, with the USA acting
as a central node due to its high productivity and broad range
of international collaborations in the network (Figure 2).

Although international collaboration intensity is low
(6.4%), the United Kingdom (UK; 29.6%), Canada (33.9%),
Australia (38.0%), and Norway (27.9%) exhibit higher
international collaboration rates. European countries are
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Figure 2. National collaboration network map

closely interconnected, linked to the UK and the USA via the
Netherlands and Belgium.

Publications are concentrated in 215 journals, most of
which are specialty journals in the field of urology. The top
10 journals accounted for nearly half of all publications,
indicating high concentration and a stable core group of
journals.

3.4. Research hotspot analysis
3.4.1. High-frequency keywords

Author keywords primarily emphasize specific interventions
and clinical pathway nodes (Table S3), such as PFMT,
biofeedback, and bladder training, highlighting the focus on
rehabilitation training, nursing intervention, and treatment
methods.

In contrast, Keywords Plus (Table S3) relate to disease
characteristics and epidemiological background (e.g.,
women, prevalence, management, quality of life [QoL], and
risk factors), emphasizing the importance of disease burden,
treatment outcomes, and public health research, and revealing
the importance of this field in public health and long-term
disease management.
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3.4.2. Keyword clustering analysis

CiteSpace initially generated 29 keyword clusters. Following
previous CiteSpace-based studies, we conducted a sensitivity
analysis by excluding micro-clusters with fewer than five
author keywords (size <5). After this filtering, nine major
clusters (size = 8-36) were retained for visualization and
substantive interpretation, whereas the remaining 20 micro-
clusters were not displayed in the cluster and timeline views
because of their very small size and limited representativeness.

Employing a g-index (k= 10) with 1-year time slices, the
clustering analysis was performed using cosine similarity,
resulting in the formation of nine clusters (Figure 3, Table S4).
The cluster silhouette coefficients (S) range from 0.711 to
0.954, with an overall Q value of 0.528 and an S value of
0.794, indicating good consistency. These clusters illustrate a
transition from traditional conservative treatments to digitally
supported and individualized rehabilitation strategies.

The nine major keyword clusters and their thematic
focuses are summarized as follows: Cluster (#0): Pelvic organ
prolapse (size 36, S =0.721) focuses on pelvic organ prolapse,
PFMT, pelvic floor dysfunction, and fecal incontinence;
Cluster (#1): PFMT (size 35, S = 0.834) centers on PFMT
and pelvic floor muscle strength, and also mentions mobile
health (mHealth) applications (apps) and feasibility trials;
Cluster (#2): Stress Ul (size 32, S=0.819) focuses on U, self-
management, and mobile apps, emphasizing the combination
of behavioral/lifestyle management with self-management;
Cluster (#3): Prostate cancer (size 32, S = 0.812) concerns
male Ul and PFMT after prostate cancer surgery, supported
by a growing body of evidence from systematic reviews;
Cluster (#4): Overactive bladder (OAB) (size 31, S = 0.830)
focuses on OAB, lower urinary tract symptoms, detrusor
overactivity, electrical stimulation, and urge incontinence;
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Figure 3. Nine major clusters. (A) Keyword co-occurrence cluster map. Each color represents a separate cluster (e.g., #0 “pelvic organ prolapse,” #1
“pelvic floor muscle training”). (B) A keyword temporal evolution diagram displaying the timeline view, illustrating how these clusters evolved over time.
A cluster is not merely an aggregation of keywords but a knowledge unit constituted by co-cited documents.

Note: A cluster is not merely an aggregation of keywords but a knowledge unit constituted by co-cited documents.

Cluster (#5): Ul (size 27, S = 0.734) focuses on UI, extending
to weight management, benign prostatic disease, and nocturia;
Cluster (#6): Conservative treatment (size 25, S = 0.711)
includes conservative treatment, bladder training, behavioral
therapy, nursing, and QoL, representing first-line non-surgical
intervention; Cluster (#7): Behavioral interventions (size 10,

4

S =0.908) includes behavioral interventions, mixed Ul, and
clinical trials, and reflects the strengthening of standardized
intervention schemes and evidence-based verification; Cluster
(#8): Urinary bladder (size 8, S =0.954) is related to neurogenic
bladder and biofeedback, representing the specialization of
neurostimulation and rehabilitation assessment.
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The timeline shows an evolution from “basic—expanded—
individualized/digitalized” to “urinary incontinence, bladder
training, and PFMT” as the mainstay, forming the framework
of primary conservative treatment for female pelvic floor
dysfunction. As medicine and technology have developed,
the number of self-management and mobile apps for UI has
increased rapidly, with behavioral intervention schemes and
mHealth apps becoming major points of growth. Meanwhile,
the field of prostate cancer rehabilitation for men has entered
a period of high productivity, with conservative treatment
evidence (systematic reviews) continuously accumulating.
Neurogenic bladder and biofeedback signal a renaissance of
assessment and neurostimulation techniques.

The core of this field remains conservative intervention—
represented by PFMT, bladder training, and behavioral
intervention—and is expanding toward digitalization
(mHealth, self-management) and population-specific
rehabilitation (post-surgical male patients, OAB).

3.5. Thematic evolution and mutation trends analysis

3.5.1. Thematic evolution trends

We compiled the first appearance years, duration, and
frequency of author keywords in the field of UI behavioral
therapy over the past 20 years (2005-2024) and created a
graph showing the evolution of research themes (Figure 4).

Thematic evolution analysis demonstrates a progressive
transition in research focus over time. During the early stage
(2005-2011), studies mainly addressed pharmacological
management and complication-related topics. From 2012

Behavioral therapy in urinary incontinence

to 2016, research gradually shifted toward conservative and
behavioral interventions, accompanied by a notable rise in
rehabilitation-oriented publications. Between 2017 and 2019,
the integration of multidisciplinary evidence accelerated,
leading to the formulation of evidence-based guidelines and
the emergence of prostate cancer rehabilitation as a new area
of interest. In the most recent phase (2020-2024), research
hotspots have increasingly centered on digitalization and
remote rehabilitation, reflecting a move toward remote
follow-up, adherence monitoring, and home-based training.
Meanwhile, the appearance of radiofrequency-related studies
in the last 3 years suggests growing attention to electrotherapy,
magnetic stimulation, and radiofrequency-assisted techniques.

3.5.2. Hotspot emergence analysis

Using the Kleinberg emergence detection model in CiteSpace,
20 strong emergent keywords were identified (Figure 5).

During the early stage (2006-2012), topics such as
urinary tract infections, bladder training, PFMT, and radical
prostatectomy emerged successively. This period was
characterized by the dominance of conservative interventions,
particularly bladder training and PFMT, which established the
foundational pathways for two distinct care models—female
pelvic rehabilitation and male post-prostatectomy recovery.

Between 2013 and 2019, new themes such as OAB,
prostate cancer, self-management, mobile health apps, and
randomized controlled trials (RCTs) became prominent.
Research attention continued to zero in on urological
syndromes and male-specific conditions, whereas the
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Keywords Year Strength Begin
voiding dysfunction 2006 2.35 2006
urinary tract infections 2006 2.35 2006
fecal incontinence 2007 3.72 2007
bladder training 2005 2.34 2007
pelvic floor rehabilitation 2009 2.36 2009
pelvic floor muscle trainings 2006 3.25 2010
radical prostatectomy 2005 2.14 2012
overactive urinary bladder 2013 2.45 2013
prostate cancer 2008 243 2013
urinary bladder 2009 2.82 2014
self management 2014 242 2014
prompted voiding 2015 2.22 2015
urge urinary incontinence 2016 2.93 2016
randomized controlled trial 2006 2.46 2017
mobile applications 2017 242 2017
qualitative research 2018 2.32 2018
mixed urinary incontinence 2015 2.94 2021
urgency urinary incontinence 2010 259 2021
meta analysis 2007 243 2022
pelvic floor dysfunction 2009 221 2022

Figure 5. Top 20 keywords with the strongest citation bursts in behavioral therapy for urinary incontinence research
Note: The red line represents the duration of keyword emergence, reflecting the evolution of research hotspots.

scientific emphasis shifted from verifying treatment efficacy
to exploring implementation processes. This transition marked
the mounting importance of self-management frameworks
and mHealth tools, alongside the parallel rise of randomized
and qualitative research designs.

In the fine-grained development stage (2021-2024),
the emergence of mixed Ul and urgency Ul indicates
increasing depth in subtype-specific investigations. Continued
exploration of meta-analyses and pelvic floor dysfunction
suggests that the field has entered a phase of evidence
integration and comprehensive model construction.

Overall, there is a three-stage evolution from “basic
conservative treatment” through “implementation and
management” to “evidence consolidation and integrative
frameworks.” For clinical and nursing practice, future high-value
directions include digital adherence monitoring, remote follow-
up systems, subtype-specific intervention pathways (particularly
for urgency Ul and mixed Ul), and the synthesis of high-quality
evidence focusing on QoL and long-term outcomes.

3.6. Theme structure changes and clinical care pathways

This study used 5-year time slices (2005-2009, 2010-2014,
2015-2019, 2020-2024) and author keywords as the analytical

field. A thematic evolution map (Figure 6) and thematic map
(Figure 7) were constructed.

3.6.1. Full-period framework and foundation

In the thematic evolution diagram, Ul, bladder, OAB, and
pelvic floor have remained consistent since the earliest slice
and maintain continuous connections with multiple themes.
In the thematic map, their high level of association with all
themes indicates that they form the foundation of all pathways.

3.6.2. Transition from “symptom-complication” to “assessment
+ self-management/training”

The 2005-2009 cluster (UI, bladder, OAB, pelvic floor,
fecal incontinence, constipation) links to the 2010-2014
cluster (assessment, self-management, training, urotherapy,
nursing), signaling that clinical priorities shifted toward an
integrated pathway of standardized assessment, patient-led
self-management, and structured nursing programs.

3.6.3. Formation and establishment of first-line intervention

Self-management, training, and urotherapy entered the first
quadrant in the 2015-2019 time slice, while UI, pelvic floor,
and QoL remained in the fourth quadrant. This indicates that

Bladder | Volume X | Issue X |
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“PFMT + bladder-related training + behavioral therapy” has
become the first-line intervention method.

3.6.4. Multimodal development and expansion of the
population

Pelvic floor muscle and bladder training extend and converge
with electrical stimulation and lifestyle interventions, and
are linked to OAB, mixed incontinence, and nocturia. At
the same time, they branch out into pregnancy, children, and
post-prostatectomy populations, as well as pelvic floor muscle
strength and pelvic floor disorders. Electrical stimulation
and digitalized follow-up have become well-established and
influential research directions.

3.6.5. Emerging and selective directions

A few device-related, imaging-related, and lifestyle
intervention subcategories (e.g., magnetic stimulation,
radiofrequency, and medical devices) appear as branches or
short connections in the thematic evolution diagram. They
mostly fall into the third quadrant, indicating that these
topics are still in the exploratory phase and require selective
implementation or pilot evaluation.

Based on the scientometric findings and a comparative
analysis with international clinical guidelines—the European
Association of Urology,” the National Institute for Health
and Care Excellence,® and the American Urological
Association’—an optimized clinical pathway framework for
behavioral therapy in Ul is proposed.

This framework integrates emerging research hotspots—
such as digitalization, self-management, and adherence
monitoring—with core guideline recommendations
(e.g., PFMT as first-line therapy), while extending to

Bladder | Volume X | Issue X |

underrepresented areas, including digital adherence strategies
and subtype-specific precision interventions.

() Pathway 1: Initial assessment, education, and

individualized planning
A comprehensive assessment should include symptom
subtype identification, QoL evaluation, and pelvic
floor muscle strength testing. Structured education and
lifestyle modification (e.g., weight management and fluid
intake adjustment) remain foundational.
To enhance precision, Al-driven decision-support
tools can assist clinicians in generating individualized
behavioral therapy plans based on age, comorbidities,
and pelvic floor function.”’

(b) Pathway 2: Structured training and adherence support
Evidence-based first-line interventions such as PFMT,
bladder training, and behavioral modification should be
implemented using standardized parameters (frequency,
duration, and intensity).

Integration of mHealth apps facilitates remote supervision,
reminders, and electromyography-based biofeedback,
improving patient engagement and adherence.?

Motivational interviewing and peer-support systems are
further recommended to sustain long-term behavioral change.

(c) Pathway 3: Reinforcement, follow-up, and adjustment

For patients with low adherence or poor self-management
capacity, remote telehealth platforms can provide
structured follow-up and progress monitoring.
Adjunctive interventions (e.g., electrical stimulation) may
be introduced for refractory cases.
Dynamic checkpoints (e.g., week 4 and week 8) enable
adaptive adjustments in exercise intensity and treatment
frequency based on digital adherence data and clinical
assessment.’
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(d) Pathway 4: Special population pathways
Tailored approaches should be developed for special
groups such as pregnant or postpartum women,
elderly patients, pediatric populations, and men after
prostatectomy.
Training frequency and intensity must be adapted to
physiological conditions to ensure safety (e.g., avoiding
abrupt increases in intra-abdominal pressure in frail
elderly patients).®

(e) Pathway 5: Emerging and research-oriented pathways
Innovative interventions such as magnetic stimulation and
radiofrequency therapy may be selectively applied in high-
resource centers or incorporated into research protocols
to evaluate their feasibility and long-term efficacy.’ For
example, a standardized care pathway for pelvic floor
disorders developed at a tertiary center implemented
patient—decision aids, telehealth follow-up, and clearly
defined transition criteria to primary care.'’ In addition,
a mobile health trial for UI behavioral treatment (women
veterans) found that app-based PFMT combined with
remote sessions yielded earlier symptom improvement,
supporting the incorporation of mHealth platforms into
pathway design.!! Collectively, these optimized pathways
bridge scientometric insights with guideline-based clinical
practice, forming a multidimensional, evidence-driven,
and patient-centered model for UI behavioral therapy
that emphasizes personalization, digital integration, and
multidisciplinary collaboration.

4. Discussion
4.1. Current research landscape and collaboration

Global research demonstrates sustained scholarly engagement,
with the USA, UK, China, Australia, and the Netherlands
emerging as the predominant contributors. The collaborative
network exhibits a multipolar structure, characterized by
strong intra-regional cooperation in Europe and Australia,
complemented by expanding transnational partnerships with
Chinese institutions.

Topic evolution analysis reveals the multidisciplinary team
approach as the predominant paradigm in clinical management.
Tsai et al.'? established that an integrated multidisciplinary
team model spanning urogynecology, colorectal surgery,
rehabilitation, and psychological services significantly
reduces recurrence rates and complications while enhancing
patient-reported outcomes and treatment adherence. In
resource-limited settings, alternative implementation models
have emerged. A nationwide Jordanian survey demonstrated
that tiered referral systems ensure efficient use of available
expertise.'’ This tiered-collaboration model effectively
leverages available resources while maintaining specialized
care access.
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The integration of engineering and computer science
disciplines through artificial intelligence (Al) and wearable
technology represents a promising frontier. However,
current authorship shows limited representation from these
fields, indicating opportunities for deeper interdisciplinary
engagement. The combination of RCT evidence, observational
data, and validation studies of digital tools reflects growing
methodological diversity and real-world applicability.

4.2. Research hotspots and frontier evolution

PFMT, bladder training, and QoL assessment remain
fundamental to Ul management. However, treatment
adherence has emerged as the critical determinant of
therapeutic success. The US insurance data'* show that
behavioral interventions are underutilized, underscoring the
need for structured adherence monitoring.

Self-efficacy represents the primary predictor of
rehabilitation outcomes, surpassing conventional factors
such as age or muscle strength.’> Contemporary research
explores dual-support models that combine technological
innovation with human supervision. Recent innovations—
such as Al-driven telerehabilitation, gamified biofeedback,'®
and nurse-led digital follow-ups'’—demonstrate substantial
improvements in compliance and outcomes. In special
populations, such as older adults or post-prostatectomy
incontinence patients, digital and intelligent technologies are
rapidly transforming traditional care pathways. Pre-operative
initiation of app-based integrated care featuring Al-adjusted
training intensity improves 6-month adherence to 78% and
increases 1-month continence rates from 30% to 54%.'®
Intraoperative 3D sling-positioning systems reduce failure
rates from 28% to 12% in patients aged >75 years,'” whereas
post-operative remote-monitoring platforms decrease 30-day
readmission rates for artificial urinary sphincter implantation
from 9.4% to 3.2%,'* confirming the cost-effectiveness and
sustainability of these digital interventions, particularly in
elderly and post-operative populations.

The convergence of e-Health/m-Health technologies
establishes continuous care pathways between clinical and
home environments. Zhu et al.** documented significant
reductions in pregnancy-related Ul progression through
app-based risk assessment and personalized training.
Wearable sensors enable real-time biofeedback, with
continuous electromyographic monitoring achieving clinical
improvement within 4 weeks, compared to 24 weeks for
conventional approaches.!' Hybrid models combining remote
supervision with digital content demonstrate medium-to-large
effect sizes across multiple outcomes.?!

Machine learning algorithms facilitate the transition
from standardized to personalized interventions, enabling
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individualized treatment intensity and adaptive feedback
mechanisms.”? Economic evaluations confirm the cost-
effectiveness of algorithm-customized PFMT,* while long-
term (15-month) data demonstrate sustained engagement
in 58% of users through Al-driven reinforcement.>* Even
without significant adherence improvement, digital platforms
enhance PFMT knowledge and self-efficacy.” Collectively,
these findings highlight a paradigm shift toward precision
continence care supported by data-driven feedback loops,
establishing foundations for future research.

4.3. Implications for clinical pathway optimization and
integration strategies

Evidence consistently demonstrates that training efficacy
depends on frequency—intensity combinations rather than total
volume. Rocha et al.* established the superiority of combined
bladder training and intravaginal electrical stimulation over
isolated interventions, while Tosun et al.?’ confirmed the
safety and efficacy of high-intensity, multicomponent training
regimens.

Synthesis of population studies*-3° supports the
implementation of standardized protocols: >3 sessions
weekly, comprising 2-3 daily sets of 10—15 contractions
(6-10 s at 50-70% maximum voluntary contraction),
maintaining 1:1-1:2 contraction—relaxation ratios. For rapid
intensification, limited-duration multicomponent intensive
PFMT modules with automatic de-escalation triggers (>10%
maximum voluntary contraction reduction) are recommended.
These evidence-based parameters should replace vague
recommendations in clinical guidelines.

Adherence optimization requires systematic integration
of structured education, motivational interviewing, digital
reminders, and peer support. Standardized workflows should
incorporate initial education materials, automated adherence
monitoring, and regular progress evaluation to establish
continuous feedback mechanisms.

Digital integration necessitates validated assessment
tools, certified biofeedback devices, and automated alert
systems for adherence lapses (e.g., >2 missed days or 3
consecutive days at <40% maximum voluntary contraction
intensity). All digital solutions must meet regulatory
standards for efficacy, safety, and data protection, and should
incorporate clinical decision support for adverse-event
management.

Establishing dynamic evaluation and adjustment nodes is
vital for personalized management. Initially, Al can generate
individualized plans based on patient profiles, automatically
matching older or post-operative patients with low-intensity,
safe-posture training.’! Mandatory evaluation points at
weeks 4 and 8 should guide automatic exercise progression
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if subjective scores and objective data improve, or automatic
de-escalation with educational “rehabilitation tips” if
fatigue or symptom exacerbation occurs. Differentiated
requirements for special populations—such as avoiding
sudden intra-abdominal pressure, increasing maneuvers
for older adults, and prohibiting concurrent abdominal
contraction for post-prostatectomy incontinence patients—
enable a “single-pathway, multiple-branch” precision
management approach.

Advancing Ul management requires establishing cross-
disciplinary collaborations, unified data standards, and
iterative pathway updates through continuous evidence
synthesis. This systematic approach will enable the transition
toward precision continence care characterized by scalability
and adaptability.

4.4.Trust and boundaries in the digital era
4.4.1. Liability attribution and algorithmic explainability

Digital transformation introduces challenges in data security,
liability attribution, and human—AlI collaboration. Al-
assisted diagnosis creates accountability challenges when
algorithmic errors occur, with current legal frameworks
providing insufficient guidance for distributing liability
among developers, healthcare institutions, and clinicians. We
propose establishing dual safeguards that comprise algorithm
traceability requirements and human—AlI collaborative
responsibility frameworks: First, enforcing algorithmic
traceability to ensure auditability and interpretability of Al
decision-making processes (explainable Al); and second,
establishing a human—AI collaborative accountability
framework that clearly defines clinicians’ supervisory and
decision-making roles, thereby preventing overreliance on
algorithmic outputs.

4.4.2. Data security and privacy protection

Given the sensitive nature of pelvic floor physiological data,
stringent data protection measures are required. Compliance
with personal information protection laws—such as the
General Data Protection Regulation, Health Insurance
Portability and Accountability Act, and China’s Personal
Information Protection Law—mnecessitates the adoption of
granular consent mechanisms that clearly communicate
the scope and purpose of data collection, use, and sharing,
while guaranteeing the right to withdraw consent. Encrypted
transmission and secure data storage represent fundamental
technical safeguards.

4.4.3. Regulatory boundaries and efficacy validation

A clear distinction must be made between remote monitoring
and real-time treatment. Products that solely record or
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monitor physiological data should be regulated differently
from those that provide real-time biofeedback or automated
therapeutic adjustments. Devices performing therapeutic
functions must obtain medical device registration certification
and be integrated into hospital quality management systems
to prevent “monitoring-only” products from bypassing
regulatory scrutiny. Furthermore, rigorous RCTs should
be required to establish efficacy and safety before market
promotion, avoiding premature claims based on preliminary
feasibility studies.

4.4.4. Ethical governance frameworks

While Al systems exhibit remarkable pattern-recognition
capabilities, their capacity for contextual reasoning and value-
based judgment remains limited. Therefore, the establishment
of comprehensive governance frameworks encompassing
technical, ethical, and legal dimensions is essential. This
includes forming ethics review boards to oversee digital
therapeutic research and applications, setting industry
standards to ensure algorithmic fairness and impartiality,
and advancing legislative improvements that delineate clear
ethical and legal boundaries for digital healthcare innovation.

4.5, Limitations and future prospects

Several limitations warrant consideration. The exclusive
focus on English-language literature may overlook significant
contributions in other languages, particularly those related to
regional implementation practices. Bibliometric methodology,
while revealing structural patterns, cannot substitute for
rigorous quality assessment of individual studies. The
translation of current research hotspots into clinical practice is
nevertheless impeded by considerable obstacles. Furthermore,
our analysis of clinical pathways relies on published guidelines
rather than real-world implementation data, and qualitative
validation through expert Delphi methods or consensus
meetings is lacking. Moreover, despite the rapid adoption of
digital products, the corresponding ethical norms and legal
regulations remain underdeveloped, with mechanisms for data
security, liability attribution, and protection of the rights of
both patients and healthcare providers yet to be systematically
established.

Future research should incorporate multilingual, multi-
database strategies to enhance comprehensiveness and support
the development of detailed, actionable treatment protocols.
Implementation science methodologies—such as integrating
Al-driven adherence monitoring within multicentre trials—
should be employed to identify barriers and enablers in clinical
practice, while health economic evaluations would further
strengthen the case for digital interventions. The development
of adapted regulatory frameworks remains crucial for ensuring
ethical technology integration.
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5. Conclusion

This comprehensive analysis of Ul behavioral therapy
research delineates the field’s global knowledge structure
and evolving clinical integration. While PFMT and bladder
training remain fundamental, digital technologies are driving
transformation toward personalized, remote delivery. The
successful integration of these advances requires standardized
pathway incorporation of digital tools, adherence strategies,
and specialized protocols, supported by appropriate ethical
and regulatory frameworks. Future efforts should focus on
real-world implementation and continuous refinement of these
optimized approaches.
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