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treatment strategies of obesity-associated female stress urinary
incontinence: a narrative review

iancheng Pan™", Enli Liang ", Qiliang Cai ", Dingron ang , Jiang Wang ", Yuhong Feng ~,
Jiancheng Pan"**, Enli Liang"*, Qiliang Cai"’, Dingrong Zhang'”’, Jiang Wang"?, Yuhong Feng'’
Xiaoqing Yang'?, Yongjiao Yang"’, Wenjie Tian’, Changyi Quan'?, Ruifa Han"?, Yuanjie Niu'?,
Yegang Chen'”?, Zhongcheng Xin"**

'Male Reproductive and Sexual Medicine, Department of Urology, the Second Hospital of Tianjin Medical University, Tianjin, China; *Laboratory
of Male Reproductive Medicine, Tianjin Urology Institute, Tianjin, China; ‘Department of Urology, Seoul St. Mary’s Hospital, The Catholic
University of Korea, Seoul, Korea; *Andrology Center, Peking University First Hospital, Peking University, Beijing, China

Contributions: (I) Conception and design: Z Xin, Y Chen; (II) Administrative support: Z Xin, Y Chen, Y Niu; (III) Provision of study materials
or patients: ] Pan, E Liang, Y Chen, Q Cai; (IV) Collection and assembly of data: ] Pan, E Liang, D Zhang, Y Feng; (V) Data analysis and
interpretation: J Pan, D Zhang, ] Wang, X Yang, W Tian, C Quan; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All
authors.

"These authors contributed equally to this work.

Correspondence to: Yegang Chen; Zhongcheng Xin. Male Reproductive and Sexual Medicine, Department of Urology, the Second Hospital of Tianjin
Medical University, Tianjin 300211, China. Email: yegangchen@tmu.edu.cn; xinzc@bjmu.edu.cn.

Abstract: With the increasing prevalence of obesity worldwide, obesity-related female stress urinary
incontinence (FSUI) has become a key health problem. Recent studies indicated that FSUI is primarily
caused by obesity-related pathological changes, such as fat droplet deposition, and results in pelvic floor
nerve, vascular, and urethral striated muscle injury. Meanwhile, treatments for obesity-associated FSUI
(OA-FSUI) have garnered much attention. Although existing OA-FSUI management strategies, including
weight loss, pelvic floor muscle exercise, and urethral sling operation, could play a role in symptomatic relief;
they cannot reverse the pathological changes in OA-FSUI The continued exploration of safe and reliable
treatments has led to regenerative therapy becoming a particularly promising area of researches. Specifically,
micro-energy, such as low-intensity pulsed ultrasound (LIPUS), low-intensity extracorporeal shock wave
therapy (Li-ESWT), and pulsed electromagnetic field (PEMF), have been shown to restore the underlying
pathological changes of OA-FSUI, which might be related by regulation endogenous stem cells (ESCs)
to restore urine control function ultimately in animal experiments. Therefore, ESCs may be a target for
repairing pathological changes of OA-FSUI The aim of this review was to summarize the OA-FSUI-related
pathogenesis, current treatments, and to discuss potential therapeutic options. In particular, this review is
focused on the effects and related mechanisms of micro-energy therapy for OA-FSUI to provide a reference

for future basically and clinical researches.
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Introduction

The incidence and morbidity of obesity are increasing
continuously across worldwide (1) Obesity is closely related
to various diseases, especially chronic diseases. Previous
studies have identified old age, maternal childbirth injury,
and menopause as the main risk factors for female stress
urinary incontinence (FSUI) (2). However, the number
of FSUI patients among young and middle-aged women
who have a high body mass index (BMI) and are not
pregnant is increasing. As a result, the pathogenic effect
of obesity in FSUI is gradually becoming clearer (3). The
epidemiological trends of both obesity and FSUI are
also in line with the above finding, and current studies
have confirmed that obesity is an independent risk factor
for FSUL

Normal urinary function and control are maintained
by urinary control tissues and organs that are structurally
intact. However, obesity can cause injury to tissues such as
striated muscle, ligaments, nerves, and blood vessels, and
compromise the normal anatomical position and function
of the urethra and bladder. As a result, the damaged tissues
and organs are unable to manage increased intra-abdominal
pressure brought on by general movement, resulting in
urinary incontinence (4). Current guidelines recommend
weight loss as a first-line treatment for obesity-associated
FSUI (OA-FSUI) (5). Weight loss can eliminate the cause
of OA-FSUI and should be regarded as a fundamental
treatment. Alternative therapeutic strategies for OA-FSUI
include functional exercise, drug therapy, and various
surgical procedures, all of which are used to treat other
types of FSUI (6). Although current methods appear
effective in treating OA-FSUI, however, lack of evidence
to restore pathological changes in OA-FSUI and various
drawbacks and injuries associated with these methods may
significantly impact the patient’s quality of life.

Regenerative medicine is an emerging interdisciplinary
field incorporating life sciences and engineering, and focuses
on repairing, replacing, or regenerating injured tissues
and organs to restore functionality (7). As an important
representative of regenerative medicine, studies on micro-
energy therapy, such as such as low-intensity pulsed
ultrasound (LIPUS), low-intensity extracorporeal shock
wave therapy (Li-ESWT), and pulsed electromagnetic field
(PEMF), promotes the regeneration of damaged tissue by
activating ESCs, regulating the secretion of various growth
factors, and inhibiting inflammation. These effects have
attracted widespread attention in recent years, especially
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as the clinical application of micro-energy therapy in the
treatment of various diseases continues to advance.

Aims of this review to explore the possible pathogenic
mechanisms of OA-FSUI, discuss the effects and
shortcomings of existing treatments and to provide novel
ideas and potential therapy methods for OA-FSUI in the
future. We present the following article in accordance with
the Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/tau-20-1217).

Methods

We performed a literature search on PubMed. Our keyword
search terms included: “obesity”, “urinary incontinence”,
“stress urinary incontinence”, “obesity and urinary
incontinence”, “obesity and stress urinary incontinence”,
“stress urinary incontinence and pathological injury”,
“stress urinary incontinence therapy”, and “stress urinary
incontinence treatment”. Our search of these basic
terms generated results reporting on the repair effect
of Li-ESW'T, LIPUS, and gene therapy, among others.
We then searched the PUBMED database using the
terms: “Li-ESW'T and stress urinary incontinence”,
“LIPUS and stress urinary incontinence”, “gene therapy
and stress urinary incontinence”, and “stem cell therapy
and stress urinary incontinence”. Our literature search
covered English-language clinical or basic research articles
published from January 1, 1966 to May 1, 2020, as well as

related reviews and meta analyses.

Discussion
Obesity and FSUI

Human adipose tissue generally contains about 300-350 billion
adipocytes. Obesity is the consequence of adipocytes increasing
in number and size. The body mass index (BMI) is the metric
most commonly used to assess an individual’s total body fat
as a proportion of their body weight, and is calculated by
dividing weight by height squared (kg/m’). Generally speaking,
adults with BMI >25 are considered to be overweight, while
BMI 230 is considered obese (1). In the past 40 years, the
global prevalence of obesity has nearly tripled (1). In the
United States of America (USA), the prevalence of obesity
among adults is close to 40% (8), and in terms of the number of
obese people, China ranks first in the world, with 46.4 million
Chinese women classed as obese (9), and the incidence is
increasing every year (10). Obesity can damage almost all
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body organs and systems and cause variety of related diseases,
for example limited lung activity, dyspnea (11), hypertension
and atherosclerosis (12), diabetes mellitus, coronary heart
disease (13,14) and urinary incontinence (UI), through a series
of complex mechanisms.

It is estimated that almost a quarter of women worldwide
will suffer from UL in their lifetime (15), and the cost of Ul
treatment in the USA alone is between $19.5-$76 billion (16).
As the most common type, accounting for approximately
half of U, SUI is characterized by involuntary urination due
to increased intra-abdominal pressure, which significantly
impacts the individual’s ability to exercise, as well as their
mental health (4,5,17). In 2006, the largest epidemiological
study of FSUI among Chinese women reported that FSUI
patients accounted for 18.9% of 19,024 samples, and that
concentric obesity (waistline >80 cm) was a significant risk
factor for FSUI (18). However, many researchers believe
that due to economic, cultural, and other factors in different
regions of China, some women are reluctant to seek medical
attention and the actual incidence rate may be higher than
the findings of this study suggest. Furthermore, the incidence
of FSUT is higher in the USA, with approximately 20-40% of
adult women suffering from this condition (19).

Data suggest that in addition to high-intensity
exercise (20-22), pregnant and older women (23), obesity
can also lead to exceed intra-abdominal pressure (21),
damage the structure and anatomical position of the pelvis
and urethral, and even nerve injury (22,23). A number
of large-scale epidemiological studies involving different
ethnic groups in the USA, Europe, Japan, and Egypt
have consistently shown that obesity is an independent
risk factor for FSUI (19). The National Health Service
(NHS) conducted a prospective cohort study of 83,355
participants and reported that obese women had
a 3% increased risk of urinary leakage for every 1 kg
overweight, and for every 1 kg/rn2 increase in BMI, the risk
of urinary leakage increased by 7% (24). A study by Mishra
et al. showed that obesity (BMI 230) increases the risk of
FSUI, regardless of age [20 years old: odds ratio (OR) 1.32,
95% confidence interval (CI): 0.66-2.66; 26 years old: OR
1.73, 95% CI: 0.93-3.22; 36 years old: OR 1.79, 95% CI:
1.16-2.74; 43 years old: OR 1.59, 95% CI: 1.15-2.20] (25).
Therefore, OA-FSUI has been widely accepted as a common
type of SUL

Pathogenic mechanism of OA-FSUI

Currently, the structure and function of female micturition
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are contentious. The mainstream view is that normal
urinary control in women (to coordinate the pressure in
different parts of the lower urinary tract) is realized by the
respective functions and complex interactions of related
tissues. Firstly, the bladder neck and internal orifice of the
urethra remain closed during the bladder-filling period,
benefiting from the maintenance of their normal anatomical
position and the contraction of the internal sphincter of
the urethra. Moreover, the supporting structures of the
pelvic floor play a key role in inhibiting overactivity of
the bladder and urethra. Pelvic floor striated muscles,
such as levator anus and coccyx muscles, are innervated by
autonomic and motor nerves including the levator anus and
pudendal nerves. Generally, autonomic nerves maintain the
long-term tension of type I muscle fibers to compress pelvic
organs and connective tissue to the pubic bone, fixing the
urethra and bladder neck to keep a certain bending angle,
thus maintaining the resistance of urine from the bladder
to the urethra. When the abdominal pressure increases (for
instance, during coughing and sneezing), type II muscle
fibers are activated by motor nerves to participate in
maintaining the anatomical position and also help to reduce
the pressure on the urethra (26,27). The internal urethral
sphincter, regulated by the visceral autonomic nerve (which
is located at the internal orifice of the urethra), is formed
by the continuation of smooth muscle fibers of the bladder
neck and remains in a state of contraction during the
non-voiding phase (28). The external urethral sphincter
(EUS) consists of a longitudinal and transverse circular
arrangement of striated muscles and is innervated by the
pudendal motor nerve. It is involved in the conscious
regulation of urination and maintains about one-third of
its maximum urethral closure pressure (MUCP). Studies
have discovered that almost all women with SUI have
varying degrees of EUS damage (27,29). Lastly, urethral
mucosa-related studies reported that there is an abundant
vascular plexus in the submucosal tissue of the urethra
that far exceeds the need for nutritional support of the
urethra (30,31). Consequently, some researchers speculate
that the cavernous vascular sinus tissues in the urethral
mucosa and submucosa are helpful in the closure of the
urethral cavity, and contribute approximately one-third of
the MUCP (32).

Numerous pathogenic consequences of obesity can lead
to unconscious leakage of urine in women. For instance,
obesity is widely understood to lead to a significant
increase in abdominal pressure. Taking the maximum
bladder capacity as the standard, every 1 kg/m’ increase
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in BMI or a 2 c¢m increase in abdominal circumference in
women will lead to a 0.4 ¢cmH,O increase in abdominal
pressure (33). This elevated pressure directly translates
to bladder pressure (3). However, the obesity-induced
impairment of the tissues and organs involved in urinary
control may be the more damaging consequence. Clinical
and anatomical studies have found that long-term increases
in abdominal pressure can lead to atrophy and deformation
of pelvic floor muscles and weak connective tissue (3,34),
leading to excessive movement of the urethra and bladder
neck. Additionally, lipid droplet deposition and several
other causes can also lead to muscle dysfunction and other
injuries.

In a recent animal experiment, the urethral striated
muscles of female Zucker fatty (ZF) rats and Zucker lean (ZL)
rats were separated and stained. More lipids were found to be
deposited in the striated muscle fibers of the ZF rats, which
caused thinning and atrophy, resulting in the reduction or
disappearance of the contractile properties of the urethral
striated muscle (35). At the same time, the maximum bladder
capacity and urine leak point pressure (LPP) of the ZF rats
decreased (35). Researchers found that the increased lipid
deposition in muscle cells of ZF rats limited the contractile
characteristics of the urethral striated muscle (36).

Additionally, adipose tissue can secrete various
inflammatory factors, including interleukin (IL)-1, IL-6, and
IL-18, tumor necrosis factor-o. (INF-0), and reactive oxygen
species (ROS) (37). Increased inflammatory factors and ROS
may impair the pelvic floor nerve, visceral autonomic nerve,
and the motor nerve (38,39). They can also damage bladder
and urethral epithelial cells, reduce bladder compliance
(38,39), and obstruct the blood flow of submucosal
vessels (40). Finally, obesity can also decrease the number of
ESCs from different sources in the urethra and pelvic floor,
which prevents stem cells from repairing damaged tissue and
promotes OA-FSUI progression (36). In fact, ESCs are also a
potential target for SUT therapy.

Current treatment of OA-FSUI
Weight loss

Reducing body fat content is the most fundamental
approach to treating OA-FSUI Current studies suggest that
weight loss provides long-term benefits for OA-FSUI and
improves quality of life (41). However, symptomatic relief
through weight loss is limited in the short term. Effective
methods for losing weight include reducing calorie intake,
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proper exercise, weight loss medications, and surgery. Of
all the approaches to weight loss, the role of reasonable diet
and exercise in improving obesity-related diseases has been
widely established and recognized. Compared with lifestyle
adjustment, drug and surgical interventions could lead to
more rapid weight loss (41,42).

At present, liraglutide and metformin are reported as
effective weight-loss drugs (43,44); however, the potential risk
of severe hypoglycemia has limited their use as weight-loss
agents. Surgical treatments include Roux-en-Y gastric bypass
surgery (RYGB), sleeve gastrectomy, duodenotomy and
cholangiopancreatic shunt, gastric banding implantation, and
intermittent vagus nerve block (44). However, the safety of
surgical procedures should be carefully evaluated, because
obese patients often have numerous risk factors for adverse
surgical outcomes. These include poor heart function,
hypertension, and diabetes, which may aggravate perioperative
infection, present difficulties in wound recovery, and an
overall increased risk during the operation and anesthesia (44).
Following surgery, emphasis should be placed on reducing the
intake of high-calorie foods and proper exercise; otherwise, the
effect of the surgery will be difficult to maintain.

Conservative treatments

At present, conservative treatments, including pelvic
floor muscle exercise, pelvic floor electrical stimulation,
acupuncture, laser therapy, and drug therapy, are mainly
utilized in patients with mild and moderate FSUI. Studies
have shown that restricting caffeine and alcohol can reduce
urgent urination symptoms, but cannot slow the progression
of urinary incontinence symptoms (45). Pelvic floor muscle
exercises can enhance the tension and contractility of pelvic
floor muscle tissue, and are considered to have an A-grade
recommendation for the treatment of SUI in females (23).
Basically, these exercises involve repeated contraction of the
levator anus muscle for at least 3 seconds, and then relaxing
it, 150-200 times a day. Typically, this is continued as a
course of treatment for 6-8 weeks (46). However, the effect
is difficult to maintain over the long term.

Overall, electrical stimulation is not reliably effective
in the treatment of FSUI (47), and it commonly causes
pain (48). Acupuncture in traditional medicine has
also achieved some results in the treatment of urinary
incontinence (49). In traditional medicine, acupuncture is
believed to improve neuromuscular excitability and muscle
contractility. Furthermore, vaginal laser procedure plays
a role in promoting urethral mucosal hyperplasia (50),
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although its safety has not been widely confirmed. Finally,
the Food and Drug Administration (FDA) listed drug
therapy as a second-line treatment, particularly muscarinic
receptor blockers. However, the long-term effects are
insufficient and may lead to a series of adverse events, such
as arrhythmia and increased blood pressure (51).

Surgical treatments

Surgical correction of OA-FSUI is mostly employed in
patients with moderate to severe urinary incontinence, where
non-operative treatment has failed. The primary purpose
of surgical intervention is to restore the normal anatomical
position of the organs, so as to support and close the urethra,
particularly in periods of elevated abdominal pressure. The
common surgical treatments include: middle urethral sling,
injection of fillings around the bladder neck, and artificial
sphincter implantation (52). Firstly, by fixing the middle
urethra to the ligament or pubic bone, the urethral suspension
sling can support the urethral-bladder junction. The overall
success rate of this procedure in FSUI caused by urethral
overactivity is 80%, while the efficacy for other types of FSUI
is poor (53). Also, injecting synthetic or autologous implants
into the mucosa around the bladder neck (under the guidance
of a cystoscope) can enhance mucosal tightness of the urethral
sphincter and improve the symptoms of FSUI; however,
the implant material could be absorbed and may need to be
injected repeatedly (23). In addition to the aforementioned
procedures, other surgical methods are used in the treatment
of FSUI (52).

However, it is important to recognize that surgical
treatment of OA-FSUI is the most invasive option, and
despite surgical treatment being generally effective initially,
the long-term therapeutic effect depends on the surgical
process and may diminish over time. Recent studies have
found that obese patients have a higher incidence of surgical
complications, such as persistent pain, bladder perforation,
and pelvic and urethral infection (33), and the treatment
effectiveness for obese patients is worse than that of FSUI
patients of normal weight (54).

Although the above treatments can relieve some of
the symptoms of OA-FSUI, they each have their own
side effects and a limited effectiveness in improving the

pathological injury of FSUT

OA-FSUI potential regeneration therapy

In theory, regeneration therapy can fundamentally restore
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the urine control function of patients by treating the
underlying pathological injury of OA-FSUI. Related
technologies and methods include, but are not limited to,
gene therapy, stem cell transplantation, and micro-energy
therapy (55,56).

Early exploration of regenerative therapy

With the development of gene technology and stem cell
transplantation technology, the effect of regenerative
therapy in repairing pathological defects and improving
organ function at the molecular and tissue level have been
recognized in basic experiments.

Insulin-like growth factor (IGF)-p1 gene transfection
therapy can promote the recovery of injured muscles and
nerves (57), the proliferation of fibroblasts and endothelial
cells, and the expression of extracellular matrix (58).
However, the safety of gene therapy is highly controversial,
especially considering the off-target effect of the vector and
the gene-editing tool itself, as well as the uncertainty of the
long-term impact of gene changes on patients.

Stem cell transplantation is a technique in which
exogenous stem cells cultured iz vitro are injected into
the body. These cells then participate in histopathological
repair through stem-cell homing and multi-directional
differentiation. Recent SUI studies have shown that
transplantation of autologous and allogeneic adipose
stem cells, amniotic fluid stem cells, and bone marrow
mesenchymal stem cells could significantly improve bladder
capacity (BC) and LPP, as well as repair injured striated
muscle and peripheral nerve fibers in the urethra (59-62).
Moreover, a clinical study that involved injecting autologous
adipose stem cells into the damaged pelvic floor tissue of 10
women with SUI showed that their symptoms improved in
the short term (63). Theoretically, stem cell transplantation
can treat FSUI, or at least relieve related symptoms;
however, the safety of this therapy remains a concern.
Transplanted stem cells, even autologous cells, still carry
the risk of immunity and tumorigenesis that may result in
serious adverse effects (64). Moreover, many reports may
have been subject to commercial and human interests, and
so the safety conclusions of the treatment are biased (65).
Therefore, its clinical transformation should be cautious.

Promising method of regenerative therapy

Since the risks of the aforementioned methods are difficult
to overcome, researchers have been exploring alternative
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options. In recent years, ESCs, which exist in mammalian
organs and participate in tissue replenishment and repair,
have attracted a great deal of attention. These cells have
significant advantages, including that they do not involve
immune rejection and do not raise ethical or other
serious issues. Treatment with micro-energy plays a key
therapeutic role through activating ESCs, such as skeletal
muscle satellite cells, endothelial stem cells, and Schwann
cells, to restore injured tissue. This method also avoids
the complications involved with stem cell acquisition,
preparation, and transplantation.

In 2019, Yang er al. (66) established a FSUI rat model
with different parameters of LIPUS. The results showed
that LIPUS with appropriate parameters promoted the
proliferation and myogenic differentiation of skeletal
muscle satellite cells in FSUT rats. This regeneration
significantly increased the thickness and integrity of
urethral striated muscles. Moreover, the BC and LPP
of the rat model were restored to the basic normal level.
Furthermore, Kang er al. (67) treated the OA-FSUTI rat
model with micro-energy acoustic pulses (MAPs). Firstly,
5-ethynyl-2’-deoxyuridine (EdU) labeling was carried out
on 10 newborn ZF and 10 newborn ZL female rats to track
possible ESCs. The 20 rats were subsequently divided into
4 groups (the ZL control, ZL. MAP, ZF control, and ZF
MAP groups). At 8 weeks of age, MAPs (0.033 mJ/mm’,
3 Hz for 500 pulses, twice a week for 2 weeks) were
applied to the treatment area, including to the urethral and
pelvic floor muscles. Following the final MPA treatment,
urethral and pelvic floor muscle cells were isolated and
incubated with antibodies conjugated with paired box 7
(Pax-7), Integrin a-7, and phosphor-histone H3 (H3P),
and then analyzed by flow cytometry. The expression
and co-expression level of EdU, integrin o-7, and Pax-
7, and the percentage of differentiation of EdU+ cells
into skeletal muscle satellite cells were calculated. The
results showed that EdU+ and skeletal muscle satellite cells
were reduced in the pelvic floor muscles and urethras of the
ZF rats. MAP treatment can reverse the above condition,
and increase the total number of EAU+, integrin a-7, and
Pax-7+ cells significantly.

Importantly, the co-expression of EdU+/integrin a-7+,
and EdU+/Pax-7+ increased in both the ZL and ZF rats,
which means that MAP promoted the differentiation of
EdU+ into skeletal muscle satellite cells. Combined with
the previous experimental results (36), researchers proposed
that obesity could damage the urethra and pelvic floor
striated muscle (through muscle fiber lipid deposition),
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adversely affect tissue resident ESCs, and damage tissue
regeneration. MAP can restore the striated muscle thickness
and contractile function of ZF rats by increasing the
number of skeletal muscle satellite cells and promoting their
differentiation, ultimately restoring urine control.

Meanwhile, another study (68) treated animal models
of erectile dysfunction caused by bilateral cavernous and
pudendal neurovascular injury using Li-ESW'T. The results
showed that Li-ESWT could recruit ESCs to the treatment
area and activate them to restore neurovascular injury. In vitro
studies also found that Li-ESWT and PEMF could repair
injured nerve fibers and axons by promoting the proliferation
and differentiation of Schwann cells as well as the secretion
of neurotrophic factors (such as S100, brain-derived
neurotrophic factor (BDNF), and IGF-1) (69,70).
Furthermore, compared with the control, the application
of Li-ESWT caused vascular endothelial stem cells to form
a solid tubular network iz vitro, and the tube length and
branching point increased by 42% and 43 %, respectively (71).
The repair effect of micro-energy on nerves and blood vessels
further demonstrates its effect on reversing the pathogenic
changes of OA-FSUI. Finally, LIPUS can also treat chronic
inflammation and urinary system pain by inhibiting the
secretion of proinflammatory factors and ROS synthesis (72).

The above results show that micro-energy therapy
may play a key role in restoring a variety of pathogenic
injures. Although there are few clinical studies of OA-FSUI
treatment with micro-energy, the safety of this therapy has
been sufficiently established from current clinical research
into conditions such as fracture nonunion and male
erectile dysfunction (73,74). Thus, micro-energy presents a
promising potential therapeutic option.

The mechanism of micro-energy regulating the
biological behavior of stem cells has not been fully
illuminated. Previous studies have suggested that one of
the mechanisms may be that non-invasive mechanical
stimulation triggers cell deformation, and the related
signals are transmitted to the nucleus through the
cytoskeleton (Actin) to regulate the expression of related
genes, such as BDNF, S100, endothelial nitric oxide
synthase (eNOS), and vascular endothelial growth factor
(VEGF). Another possible mechanism is that mechanical
force signals sent by LIPUS or LESW to local tissue cells
can change the components of the extracellular matrix
and induce related regulatory proteins in cells, such as
talin and kindlin proteins, to bind to the intracellular
regions of cytoskeleton proteins and integrins. This
would change the conformation of integrins from a folded
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Micro-energy
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Figure 1 Mechanism of micro-energy therapy regulating the biological behavior of endogenous stem cells (ESCs).

to an extended state, and then increase ligand affinity
and integrin-ligand binding. Integrin-binding ligands
(such as fibrin, laminin, and vitrein) can further induce
the conformational change and aggregation of integrin
on the cell membrane surface, thus activating multiple
protein kinases and related downstream signal pathways.
Moreover, it may also activate stem cells by regulating
cation channels, cell membrane permeability, and even
intracellular messengers through electric field forces (75).
The downstream signal pathway is more complex. For
example, extracellular signal-related kinases 1 and 2
(ERK1/2) are related to the promotion of Schwann cell
proliferation by micro-energy (71), and others have also
been gradually discovered by recent studies (Figure I).

Conclusions

Obesity can damage urine control structures and cause
SUI in females. Current treatments of OA-FSUI are not
ideal for relieving symptoms and improving quality of life,
and also have no ability to reverse or repair the underlying
pathological changes. However, micro-energy therapy,
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such as such as LIPUS, Li-ESW'T, and PEMF, showed the
potential to activate ESCs and other complex mechanisms
to restore damaged tissues, making it a novel treatment
option for OA-FSUI patients in future, which might be
considered to be a promising method for the treatment of
OA-FSUI in clinical.
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