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Abstract
Background: Uterine leiomyoma is one of the 
most prevalent benign tumors affecting women 
of reproductive age. It is one of the common 
gynecological underlying causes of chronic pelvic 
pain.  

Objective: Recently, there has been increasing interest 
in minimally invasive and non-invasive treatments for 
uterine leiomyoma. This article reviews the prevalence, 
clinical picture, diagnosis, and the available treatment 
strategies used to manage uterine leiomyomas. Also, 
it explores the proposed underlying mechanisms and 
role of the radial extracorporeal shockwave therapy 
[rESWT] in different soft tissue conditions, and 
outlines its potential as a promising physical therapy 
modality for treating uterine leiomyoma.

Methods: A comprehensive search strategy was 
conducted using the keywords “uterine leiomyoma,” 
“noninvasive treatment,” “uterine fibroids or 
leiomyoma,” and “extracorporeal shockwave therapy” 
on Google Scholar, Cochrane Library, PEDro, Scopus, 
and PubMed. Data from the identified sources were 
gathered to compile this review. The sources included 
clinical trials, as well as systematic and narrative 
reviews.

Conclusion: Extracorporeal shockwave therapy 
has demonstrated effectiveness as a non-invasive 
treatment for various soft tissue disorders. Therefore, 
it is suggested that rESWT may serve as a viable 
method for treating the debilitating benign tumor, 
uterine leiomyoma. Further clinical trials are 
necessary to confirm the safety and efficacy of this 
new treatment approach.

• Shockwave therapy • Uterine leiomyoma • Uterine 
fibroids.
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Introduction
Uterine leiomyomas, commonly known as fibroids, 
are the most frequent female pelvic tumor that occurs 
in up to 70 to 80% of women. [1]. Leiomyomas are 
non-cancerous tumors of monoclonal origin that 
develop from the smooth muscle tissue of the uterus 
[2]. These tumors mainly consist of extracellular 
matrix [ECM] and cells with a low rate of cell division 
[3]. They are surrounded by a pseudo capsule made 
up of areolar tissue [4]. Leiomyomas are estrogen-
dependent neoformations that are considered a 
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urinary incontinence. Additionally, they can mimic or 
obscure malignant tumors [12]. Leiomyomas are also 
associated with infertility and recurrent miscarriages 
[13].

Currently, uterine leiomyomas are the most common 
reason for hysterectomy worldwide, making it 
the second most frequent surgery for women 
after cesarean sections [14]. This procedure is 
associated with significant morbidity and mortality 
[15,16], contributing to substantial healthcare costs 
and economic burden on the healthcare system. 
As a result, women with symptomatic fibroids are 
increasingly seeking minimally invasive, uterus-
preserving treatment options [7].

Histological Appearance
Histologically, uterine leiomyomas are benign 
tumors in smooth muscle and connective tissue of 
the myometrium. They mainly contain myocytes and 
are characterized by excessive deposition of ECM 
substances, primarily collagen [17].

The fact that uterine leiomyomas are firm, stiff 
nodular tumors, is recognized by all clinicians and 
supported by biomechanical studies [18, 19, 20]. 
ECM proteins, particularly interstitial collagen, 
are responsible for this firmness property and the 
mechanical strength of the tissue. The role of the 
ECM and mechanotransduction in the human uterus 
is just beginning to be recognized as a crucial 
signaling factor. The ECM not only surrounds the 
cells but also influences them through its stiffness, 
which can either compress or stretch the cells. 
These mechanical forces are then converted into 
intracellular chemical signals, depending on factors 
such as collagen content, cross-linking, hydration, 
and other ECM components. [21].

Uterine leiomyoma’s tissue stiffness has a direct 
effect on tumor growth by the induction of fibrosis. 
There are two characteristics of fibrosis: (1) resistance 
to apoptosis leading to cell persistence and (2) 
secretion by these cells of collagen and other ECM 
components, such as proteoglycans, resulting in the 
abundant disposal of highly cross-linked, disoriented, 

significant health problem for women [5].

Although 50% of leiomyomas are asymptomatic 
[6], they represent the most common indication for 
hysterectomy in many countries [7]. Also, 40% of all 
annual hysterectomies performed annually in the USA 
are due to leiomyomas [8]. The annual cost of uterine 
leiomyomas in the USA was estimated to range 
between $5.9 billion and $34.4 billion, which places 
a significant financial burden on the USA healthcare 
system [9]. Miserable consequent complications 
following hysterectomies include uterine adhesions, 
pelvic prolapse, estrogen deficiency problems and 
high rate of morbidity and mortality. Alternative non-
surgical approaches need to be investigated for 
uterine leiomyomas treatment. This article reviewed 
uterine leiomyoma’s clinical picture, diagnostic tools, 
and current treatment strategies include a range of 
options such as pharmacological therapies, minimally 
invasive procedures, and surgical interventions. Also, 
it focused on the application of rESWT on soft tissue 
diseases as well as benign tumors and search the 
availability to represent it as an alternative method for 
uterine fibroid treatment.

Symptoms and Clinical Picture
Uterine leiomyomas can occur as single or multiple 
growths and can differ in size, location, and blood 
supply. They are typically classified into three 
subgroups based on their location: subserosal 
[extending outside the uterus], intramural [embedded 
within the uterine muscle], and submucosal 
[protruding into the uterine cavity] [10].

Recognized risk factors for the development of 
uterine fibroids include nulliparity, early onset of 
menarche, frequent menstruation, dysmenorrhea, a 
family history of fibroids, African ancestry, obesity, 
and age [with the highest incidence occurring 
between 40 and 50 years]. Additionally, conditions 
such as hypertension and diabetes appear to elevate 
the risk of fibroid formation [11]. 

These lesions interfere with normal uterine functions, 
leading to excessive uterine bleeding, anemia, 
impaired embryo implantation, recurrent pregnancy 
loss, preterm labor, labor obstruction, pelvic pain, and 
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and often widely distributed collagen fibrils. By 
mechanotransduction, the dynamic signaling 
mechanism by which mechanical forces activate 
chemical signaling in cells, fibrosis impacts cell 
growth. Data suggest that uterine fibroids’ structurally 
disordered and abnormally shaped ECM contributes 
to the development and growth of fibroids. An 
understanding of the essential role of ECM stiffness 
in the growth of fibroids may lead to new treatment 
approaches for this common disease [21].

Diagnosis
To study the natural progression of uterine 
leiomyomas and evaluate responses to experimental 
treatments, detailed mapping of these tumors, 
including their location, size, and characteristics 
is crucial [22]. Accurate assessment of the size, 
number, and position of leiomyomas is essential for 
selecting the most appropriate patients for medical 
therapy, noninvasive treatments, or surgery. Imaging 
techniques such as ultrasound, saline-infusion 
sonography [SIS], and MRI are commonly used to 
confirm the presence of uterine leiomyomas [23, 24].

Therapeutic Interventions
The treatment of a patient with uterine leiomyomas 
varies depending on the interpretation and the 
wishes of the patient. It is usually important to rule out 
other causes of excessive uterine bleeding, pelvic 
pressure/pain, and subfertility beforehand. In some 
instances, treating leiomyomas can lead to surgical 
complications, making it advisable to leave the 
fibroids untreated in certain women. Conservative 
management with analgesics and hematinics is 
recommended for women with mild leiomyoma 
symptoms, particularly those nearing menopauses 
or trying to conceive [25].

Pharmacotherapy
It is mainly aimed at reducing the abnormal uterine 
bleeding [AUB] caused by leiomyomas. Available 
medical treatments include anti-fibrinolytic agents, 
non-steroidal anti-inflammatory drugs [NSAIDs], 
combination hormonal contraceptives, progesterone-
only treatments, selective progesterone-only 

receptor modulators [SPRMs], and gonadotropin-
releasing [GnRH] agonists [26]. The new medical 
objectives currently under investigation include green 
tea extract, vitamin D, cabergoline, gestrinone, and 
somatostatin analogues [27].

GnRH agonists are the most effective drugs for 
reducing the size of uterine leiomyomas. However, 
their use is limited due to the risk of bone loss 
and other anti-estrogenic side effects [28]. Other 
medications provide only temporary symptom relief, 
and none offer a definitive cure [29].

Surgical Management
Hysterectomy: Hysterectomy is a definitive treatment 
for women with symptomatic leiomyomas who do not 
wish to preserve fertility, offering complete symptom 
relief and an improved quality of life. Although it is the 
most effective option for treating symptomatic uterine 
leiomyomas [30], it carries significant risks of post-
operative complications and has an elevated rate of 
morbidity and mortality.

Myomectomy: Hysteroscopic myomectomy is 
the preferred surgical technique for women with 
submucosal leiomyomas who wish to preserve their 
uterus or fertility. It is considered the best option for 
submucosal fibroids smaller than 3 cm, especially 
when more than 50% of the tumor is located within 
the uterine cavity [31]. After myomectomy, 90% of 
women experience postoperative adhesions, which 
are more common than other complications such 
as fever, pain, or anemia. Leiomyoma’s recurrence 
occurs in approximately 5-67% of cases, with 3-23% 
of women requiring further surgery [28].

Laparoscopic radiofrequency volumetric thermal 
ablation: Radiofrequency volumetric thermal 
ablation [RFVTA] is a minimally invasive laparoscopic 
procedure performed on an outpatient basis under 
ultrasound guidance. It involves the use of an electro-
surgical probe, which is inserted into the leiomyoma 
to induce coagulative myolysis, effectively shrinking 
its tissue. [32]. In addition to the morbidity and 
mortality associated with these procedures, many 
treatment options can potentially impair or reduce 
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future fertility [33]. Consequently, novel nonsurgical 
alternatives for treating uterine leiomyomas are being 
actively investigated. [34].

Minimal Invasive Treatment Options 
for Uterine Leiomyomas
Although leiomyomas negatively affect women’s 
health, few conservative treatment options are 
available to women with symptomatic uterine 
leiomyomas [35]. Surgery, in the form of myomectomy 
or hysterectomy, is currently the primary treatment for 
uterine fibroids [36], with uterine artery embolization 
and focused ultrasound ablation as emerging, less-
invasive options [37]. 

Uterine artery embolization: Uterine artery 
embolization [UAE] is a viable alternative for patients 
who wish to preserve their uterus or avoid surgery 
due to medical comorbidities or personal preference 
[6]. This interventional radiology procedure involves 
the insertion of occluding agents into one or both 
uterine arteries, cutting off blood supply to the uterus 
and fibroids [38]. Although UAE typically results in 
shorter hospital stays compared to surgical options, 
it is associated with common complications, such 
as post-embolization syndrome, fever, pain, and 
higher re-intervention rates [39]. In some cases, an 
extended hospital stay may be necessary to manage 
vaginal expulsion of submucosal fibroids. The risk of 
adhesions is around 14%, the recurrence rate ranges 
from 10-25%, and 10-32% of patients ultimately 
require a hysterectomy [40].

Myolysis: Myolysis is a minimally invasive technique 
designed to remove fibroids using a concentrated 
energy delivery device, such as heat, LASER, or 
more recently, magnetic resonance-guided focused 
ultrasound surgery [MRgFUS] [38].

Magnetic resonance-guided focused radiofreque 
ncy ablation: MRgFUS, also known as High-Intensity 
Focused Ultrasound [HIFU] is an accessible but not 
widely recognized fibroid-specific therapy that uses 
high-intensity trans-abdominal convergent ultrasound 
waves to cause leiomyoma coagulated necrosis 
and regression [41]. HIFU has been associated 

with reduced morbidity and shorter hospital stays 
compared to traditional treatments, including surgery, 
with the added benefit of potentially preserving 
fertility [42]. However, pregnancy complications such 
as miscarriage, preterm birth, the need for cesarean 
section, and placenta previa have been reported 
following both UAE and MRgFUS procedures [28]. 
Therefore, it is crucial to explore novel noninvasive 
treatment options for this common type of benign 
female tumors.

Extracorporeal Shockwave Therapy
Extracorporeal shock waves [ESW] are single 
acoustic high-pressure pulses generated by 
electrohydraulic, electromagnetic, piezoelectric, or 
ballistic/radial methods [43, 44]. They are extensively 
used for treating kidney stones [extracorporeal shock 
wave lithotripsy; ESWL] [45], various conditions of 
the musculoskeletal system, and soft tissue injuries 
[46, 47]. 

Shockwaves are energy-carrying sound waves that 
can be targeted and directed non-invasively while 
propagating through a medium to impact a distant 
specified anatomical region. Shockwaves interact 
with the targeted deep tissues when applied to an 
organ and cause mechanical stress and micro-
trauma. This stress and micro-trauma [also known as 
shear stress] cause a cascade of biological reactions 
[48]. 

Mechanism of action of ESW
However, the exact mechanism of how radial 
extracorporeal shockwave therapy [rESWT] affects 
human tissue is not clear, hypothetically there are 
four phases of reaction: During the physical phase, 
shock waves directly cause extracellular cavitation, 
ionization of molecules, and an increase in cell 
membrane permeability. In the physicochemical 
phase, interactions take place between dispersed 
radicals and biomolecules. This is followed by 
the chemical phase, where intracellular reactions 
and molecular changes occur, and ultimately, the 
biological phase is reached [49].
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ESW, in addition to its use in urolithotripsy 
[extracorporeal shock wave lithotripsy, ESWL], has 
been shown to yield successful results in treating 
conditions such as pseudarthrosis, joint disorders, 
and epicondylitis [50, 51]. It has also proven effective 
for connective tissue diseases like Dupuytren’s 
contracture, Ledderhose’s syndrome, leg ulcers, 
and other conditions. Both experimental and clinical 
studies have demonstrated the efficacy of ESWT 
in treating connective tissue diseases, including 
fibromatosis [52].

Over the past decade, focused extracorporeal 
shockwave therapy [fESWT] has been recognized 
as a viable treatment via the perineal approach, 
with minimal side effects, leading to significant 
improvement in symptoms related to chronic pelvic 
pain syndrome, particularly in voiding conditions [53]. 
Additionally, the penile approach has been shown 
to effectively enhance erectile dysfunction [ED] 
outcomes [54]. 

[55], treated normal suspended fibroblasts with 
low- to medium-energy shock waves and evaluated 
fibroblast viability, growth rate, growth pattern, and 
gene expression for TGF-β1 and collagen type I, 
key factors involved in the repair process. The low- 
to medium-energy shockwave treatment resulted 
in fewer immediate cytodestructive effects and 
enhanced subsequent cell proliferation, consistent 
with findings from [56, 57, 58]. 

[59] were pioneers in exploring the effects of energy 
density and the number of applied shockwaves on 
the viability of normal fibroblast cell suspensions. 
Their research demonstrated a dose-dependent 
destructive effect of shockwaves on suspended cells. 
Specifically, they found that increasing the number 
of shockwave applications significantly reduced 
the growth potential of fibroblasts compared to 
control cells, with a greater number of shockwaves 
correlating with a more pronounced decline in 
cell viability. In a subsequent study, [49] further 
elucidated this relationship, revealing that fibroblast 
viability was more strongly affected by the number 
of shockwave applications than by the energy level 

itself. They also identified an optimal ratio of energy 
to shockwave applications that minimized cytotoxic 
effects, highlighting that shockwaves can exert both 
destructive and stimulatory effects on cell proliferation 
in a dose-dependent manner. Building on these 
findings, [60] discussed experimental observations 
indicating that shockwaves can effectively destroy 
cells in vitro while also delaying tumor growth in vivo. 
This prompted further investigation into the underlying 
mechanisms at play. Beyond cellular experiments, 
current biological research suggests another 
promising application of shockwaves related to the 
mechanical properties of tissues. It is well-established 
that tumors are generally stiffer than healthy tissues, 
a characteristic leveraged in breast cancer diagnosis 
through techniques like palpation and elastography, 
which detect rigid tissue structures. The mechanical 
properties of tissues are primarily influenced by the 
ECM, predominantly composed of collagen. The 
stiffness of the ECM plays a critical role in promoting 
cancer initiation and progression by regulating the 
malignant behaviors of cancer cells [61]. Research 
indicates that increased deposition of type I collagen 
significantly alters ECM stiffness, a hallmark feature of 
tumors. This change not only impacts the mechanical 
properties of the ECM but also has profound 
implications for disease progression, as stiffer 
matrices can facilitate malignant transformations 
[62]. Interestingly, recent studies emphasize that cells 
possess mechanoreceptors capable of detecting 
physical forces and converting them into biochemical 
signals, thereby enhancing their interaction with the 
ECM. This mechanotransduction process is essential 
for understanding how tumors manipulate their 
microenvironment [63]. These contemporary findings 
may pave the way for innovative cancer treatment 
strategies based on mechanical approaches 
alongside or in place of traditional pharmaceutical 
therapies. 

ESWT is used for various purposes, including 
antifibrosis, loosening adhesions, and dissipating 
calcifications. Both experimental and clinical 
studies have demonstrated its effectiveness 
in managing pathological scars and capsular 
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fibrosis by degrading fibrotic tissue. This process 
is associated with changes in pro-fibrotic and anti-
fibrotic proteins, such as transforming growth factor 
β1 and matrix metalloproteinase 2, respectively 
[64, 65, 66]. ESWT has been shown to improve 
myocardial fibrosis following acute myocardial 
infarction in pigs, which is associated with a 
reduction in fibrocyte levels [67]. Additionally, [68] 
found that ESWT is a safe and effective treatment 
for supportive care and rehabilitation in cancer 
patients. [69] highlighted rESWT as an effective, 
safe, and non-invasive treatment for symptomatic 
benign prostatic hyperplasia in selected patients 
who have not responded well to medical treatments 
and are poor candidates for surgery. A novel study 
by [70], examined the effect of low-intensity rESWT 
on induced uterine leiomyoma in rats and concluded 
that low-intensity rESWT with 500 impulses/ session 
(250 impulses for each uterine horn), energy flux 
(1bar), and a frequency of 15 HZ can be used to 
control the growth of uterine leiomyomas in rats. 
Typically, four sessions were effective for reducing 
the size of developed leiomyomas and controlling 
symptoms by softening the firm stiff leiomyomas 
through mechanical stimulation and degradation of 
fibrotic tissue.      

Methods
A comprehensive search was conducted using the 
keywords “uterine leiomyoma,” “uterine fibroids 
or fibromyoma” and “extracorporeal shockwave 
therapy” on Google Scholar, Cochrane Library, 
PEDro, Scopus, and PubMed. Data from the 
identified sources were gathered to compile this 
review. The sources included clinical trials, as well 
as systematic and narrative reviews. Additionally, 
relevant conference proceedings, thesis, and 
academic-relevant textbooks were consulted during 
the search strategy.

Research needs
This literature review article discusses the prevalence 
of uterine leiomyoma, the clinical picture, the 
diagnosis, and the available treatment strategies. 
Also, it reported the underlying mechanisms and 
application of rESWT in an animal model and outlined 
its potential as a promising physical therapy modality 
for treating uterine leiomyoma. Based on the lack of 
human studies investigating the therapeutic effects 
of ESWT on uterine leiomyoma, we recommend 
advancing through several stages of development. 
Initially, the preclinical development stage should 
focus on clarifying the mode of action of ESWT, 
investigating potential toxicity, validating its efficacy 
on various in vitro and in vivo models, and starting 
to evaluate its formulation. Following successful 
preclinical results, the clinical stage would involve 
testing the therapy in human subjects to assess 
its safety and effectiveness. Finally, the reviewing, 
approval, and post-market monitoring stage would 
determine whether ESWT receives approval for 
clinical use and involve ongoing monitoring of its 
performance and safety in the clinical settings.  

Conclusion
Uterine leiomyomas have negative impacts on 
women’s fertility and quality of life. This article 
provides valuable insights into their mechanisms, 
treatment options, and therapeutic advancements. 
While existing treatments: medical, surgical, and 
promising therapies like ESWT show potential, further 
comprehensive studies are essential to establish the 
efficacy and safety of the novel non-invasive ESWT 
before it can be applied to human patients.
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