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Epidemiology, etiology and treatment G

of female vaginal injury

Di Zhang' and Hua Li"

Abstract

The preservation of vaginal anatomical structure and physiological function is critical for women'’s health and should
not be ignored. Vaginal injuries have a negative impact on women's quality of life. Vaginal delivery is the most
common cause of vaginal injuries, 53-79% of women suffer from perineal and vaginal lacerations during labor. The
incident of vaginal atrophy caused by decreased estrogen in menopausal women is growing, reaching 39%. The
primary medical treatment of menopause-related vaginal atrophy is estrogen, which has a recognized therapeutic
effect. Severe obstetric lacerations and trauma-related vaginal damage must be identified promptly and treated
surgically. Radiotherapy-induced vaginal stenosis and adhesion could be treated with a vaginal dilator, however, there
is a lack of consensus on therapy plans. Furthermore, surgical closure of genitourinary fistulas arise from the tumor

or vaginal delivery is technically challenging. Stem cells have been proven to be effective in treating vaginal atrophy
in animal models. Traditional treatments for Mayer-Rokitansky-Kister-Hauser syndrome, which is caused by a congeni-
tal anomaly of vaginal development, include vaginal dilation and vaginoplasty with autologous tissue. However, due
to poor compliance and surgical complications, tissue engineering technology has received considerable attention
for vaginal reconstruction because of its preferred characteristics. Nonetheless, the biological therapy of stem cell

and tissue engineering technology still faces severe challenges, without application for clinical translation. Therefore,
for women with vaginal injuries, the choice of treatment should be guided by the etiology and symptom severity.
Stem cell therapy and tissue engineering technology show promising application prospects for vaginal injury repair
and reconstruction, in addition to medical and surgical treatments. However, it is necessary to conduct additional pre-
clinical animals and clinical trials in order to provide reliable references for future clinical practice.
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1.The etiologies of vaginal injuries include vaginal delivery, trauma, tumor, congenital anomaly of vaginal develop-

2. Therapies vary depending on the underlying cause. Biological treatments for vaginal injuries, such as stem cell
and tissue engineering technology, nevertheless face challenges because of limited research.

3. This review may provide leads for further exploration and application of various treatment methods for vaginal
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Introduction

The vagina is an essential part of the female internal geni-
talia, with important functions, i.e., sexual intercourse
[1], and is a channel for menstrual blood discharge [2]
and childbirth [3]. Furthermore, the vagina can prevent
potentially invasive microorganisms, acting as a barrier
to defense against genital tract infection [4]. The integrity
of the vaginal wall and its pelvic floor support structure
are indispensable for the anatomical position of organs
and for maintaining pelvic floor function [5, 6]. There-
fore, the vagina is a crucial reproductive organ for wom-
en’s health.

Women of various ages may sustain vaginal inju-
ries due to different causes. Abnormal genital devel-
opment, particularly congenital anomalies of vaginal
development such as Mayer-Rokitansky-Kuster-Hauser
(MRKH) syndrome, affects the women’s quality of life
and sexual life [7], thus clinicians should not disregard
the psychosexual impact of vagina aplasia. Vaginal

delivery is the main way of female delivery, childbear-
ing age women experience vaginal lacerations to varied
degrees following vaginal delivery [8]. Because of hor-
mone deficiency and aging, menopausal women suffer
from vulvovaginal atrophy (VVA), which affects wom-
en’s daily lives as well as intimate relationships between
couples [9]. Thus, vaginal health is critical for improv-
ing women’s physical, emotional and mental well-being.

Today, more and more researchers are focusing on
vaginal injuries and functional anatomy recovery. There
are numerous treatment options for vaginal injuries
depending on their etiologies. However, vaginal injury
repair faces a lot of challenges due to differing thera-
peutic effects and complications. This paper primarily
reviews the research progress on epidemiology, eti-
ologies, and treatment methods of vaginal injuries in
recent years, and looks forward to provide more refer-
ences for treatment selections.
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Vaginal anatomy and embryogenesis origin
According to reports, the original hypothesis of uterovag-
inal embryogenesis was proposed by Miiller in 1830, and
the vagina had two origins: the cephalic part originated
in the mesodermal Miillerian ducts, and the tailed part
originated in the endodermal urogenital sinus [10]. The
vagina is a naturally open cavity that extends from the
vulva to the cervix of uterus in an upward and backward
direction, forming a 90° angle with the uterus [6, 10]. The
length of anterior vaginal wall is 6 to 7.5 cm, while the
length of posterior vaginal wall is approximately 9 cm.
The vagina is surrounded by closed levator ani muscle
tissue in front of the rectum and behind the bladder and
urethra. The posterior wall links to the anal canal via the
perineal body [10].

The vaginal wall has four layers. The epithelial layer is
consisted of non-keratinized, stratified, squamous epi-
thelial cell [6], playing a role in maintaining an acidic
environment and providing immune barriers for women
[11, 12]. The lamina propria is a dense connective tissue
layer comprised of collagen and elastic fibers, abundant
in blood vessels and lymphatics. The muscularis, sur-
rounded by connective tissue, is made up of circular and
longitudinal smooth muscle cells, when combined with
the lamina propria, can provide the support strength to
pelvic organs [6]. Adventitia (serosa) is the loose connec-
tive tissue layer composed of collagen and elastic fibers,
blood vessels, lymphatic vessels and nerves, and it can
separate the vaginal muscularis from paravaginal tis-
sue [6, 10]. The vaginal blood supply is adequate, mainly
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Fig. 1 The etiologies of vaginal injuries. (Created with BioRender.com)
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provided by the cervicovaginal artery and the vaginal
artery of internal iliac arterial branches, meanwhile, the
vagina has abundant venous plexuses [6], and it is eas-
ily bleeding and producing hematoma following vaginal
injuries.

The epidemiology and etiologies of vaginal
injuries

The etiologies of vaginal injuries are listed in Fig. 1 and
include vaginal delivery, trauma, tumor, congenital
anomaly of vaginal development and menopause. The
epidemiology and etiologies of vaginal injuries are pre-
sented in Table 1.

Vaginal delivery

Delivery injury is the most common cause of genital tract
injuries in women of child-bearing age [13]. Lacerations
are common in women undergoing vaginal deliveries,
affecting 53-79% of women [8, 14—16]. The majority of
vaginal delivery women experienced first-degree (per-
ineal skin and vaginal mucosa laceration) and second-
degree (perineal muscle laceration without anal sphincter
complex damage) perineal lacerations [8, 15, 16]. Perineal
lacerations always involve the vaginal wall, specifically
the vaginal posterior and lateral walls [8]. It has been
reported that risk factors for an increase in vaginal lac-
erations during birth include parity, operative vaginal
delivery, gestational age, nationality, and so on [16—18].
Lacerations can result in perineal pain, bleeding, and

Menopause

Congenital

anomaly of
vaginal

development
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Table 1 Summary of epidemiology and etiologies of vaginal injuries
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Etiology Typical disease

Incidence rate

Impact

Vaginal delivery Obstetric laceration

53-79%
in vaginal delivery women

Perineal pain, bleeding, hematoma formation and infection;
Urinary and fecal incontinence;
Sexual dysfunction.

Impact physical, social and mental health;
Limit daily activities.

Vaginal lacerations and abrasions;

Obstetric RVF 0.02%-0.4%
Trauma Non-obstetric VVT(straddle inju-  3.7%

ries, sexual assault and abuse)
Tumor Radical hysterectomy /

VWF 0.3%-2.61%

Pelvic radiotherapy VS 2.5%—-88%

Vaginal necrosis 3%—6%

Congenital anomaly 1/5000

of vaginal development

MRKH syndrome

Menopause VA 39%

in postmenopausal women

in live female births

Vulvar hematoma and pain;

Dysuria;

Psychological problems.

Reduction in vaginal length (3 cm);

Dyspareunia, orgasm difficulty and sexual dissatisfaction.

Depression and anxiety;
Secondary surgery and readmission;
Delay adjuvant therapy.

Vaginal dryness, bleeding and pain;
Vaginal fibrosis, adhesion and obliteration;
Affect sexual life.

Fistula formation, perforation, even death.

No vaging;

Primary amenorrhea;

Affect sexual life;
Vaginoplasty complications.

Vaginal itching, dryness and dyspareunia;
Affect QOL;
POP.

RVF rectovaginal fistula, VVT vulvovaginal trauma, VVF vesicovaginal fistula, VS vaginal stenosis, MRKH Mayer-Rokitansky-Kuster-Hauser, VA vaginal atrophy, QOL

quality of life, POP pelvic organ prolapse

hematoma formation [18], infection [19], urinary and
fecal incontinence [20], and even sexual dysfunction [21].

Additionally, vaginal delivery can also cause severe dam-
age to the reproductive tract, resulting in genitourinary
fistulas that significantly reduce women’s quality of life.
Long-term compressing of the fetal head on the vagina
and its surrounding tissues after vaginal birth causes
widespread ischemic tissue injury and necrosis, which
leads to the formation of vesicovaginal fistula (VVF) and
rectovaginal fistula (RVF) [22].VVF is an abnormal con-
nection formed between bladder and vagina that results
in urine flowing out of the vagina [23]. In developing
countries, VVF is a common complication mainly due to
prolonged labor during the delivery or obstructed labor
[24].RVF leads to discharge of feces in the vagina because
of the connection between rectum and vagina [25]. Birth
injury is the main cause of RVE, and the incidence of RVF
associated with childbirth varies from 0.2 to 4 cases per
1000 deliveries (0.02% to 0.4%) [26]. Severe perineal lac-
eration and episiotomy injury to the anal sphincter can
also result in the occurrence of RVF [25, 27]. Despite hav-
ing a low frequency, obstetric fistulas negatively impacts
on women’s physical, social and mental health, limiting
women’s daily activities [23, 27, 28].

Trauma

Trauma is the common cause of genital vaginal wall
injuries in women. Compared to obstetric perineal-
vaginal lacerations, non-obstetric vulvovaginal trauma
(VVT) is extremely rare, with a rate of only 3.7%, which
may be underestimated by researchers [29]. Straddle
injuries are the most common type of unintentional
genital injuries in children and adolescents [13], and
occur when they fall in a straddle position and the uro-
genital area strikes the surface of a hard object. Strad-
dle injuries can result in compression injuries to the
vulvar soft tissues, as well as various degrees of vagi-
nal lacerations and abrasions, pain and bleeding, vulvar
hematoma, and dysuria [13, 29, 30]. Sexual assault and
abuse can also result in vaginal lacerations and acute
blood loss, which should be diagnosed and treated as
soon as possible [31]. Although genital injuries alone
are rarely deadly, they can lead to chronic discomfort,
painful intercourse, fistula formation, infertility, and
even psychological problems. Therefore, early identifi-
cation of the location and severity of genital trauma, as
well as timely treatment, can help to minimize damage
[13, 29].
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Tumor

Tumor-induced vaginal injuries are classified into two
types: surgery results in vaginal injuries such as changes
in length and function, and radiation therapy results in
changes in vaginal structure and function.

Vaginal length shortening occurs primarily in hyster-
ectomy patients. The vaginal length of cervical cancer
survivors were reduced by about 3 cm after radical hys-
terectomy of cancer [32]. Transvaginal hysterectomy for
prolapse reduced vaginal length by roughly 1.7 cm, which
is less than radical hysterectomy [33]. Shortening vagi-
nal length can affect women’s sex lives. Jensen et al. [34]
reported that radical hysterectomy for early stage cervical
carcinoma had an impact on women’s sexual intercourse,
including dyspareunia, orgasm difficulty and sexual dis-
satisfaction because of decreased vaginal size.

Radiotherapy is an important part of the treatment of
gynecologic malignancies, and brachytherapy (BT) is
closed to the tumor tissue and treats cervical, endome-
trial, vaginal and vulvar cancers, especially cervical can-
cers at stage IB and above [35]. The proximal vagina is
the primary site of endovaginal brachytherapy-related
toxicities [36], which lead to vaginal fibrosis and atro-
phy [32, 37]. Women suffer from vaginal dryness, bleed-
ing, pain [38, 39], vaginal stenosis (VS), decreased sexual
activity and sexual dysfunction following radiotherapy
[37, 40]. Vaginal stenosis (VS) is an obstruction of the
vaginal canal formed by vaginal scar tissue. The overall
incidence of radiotherapy-induced VS ranges from 2.5%
to 88% [41]. The incidence of VS after radiotherapy are
almost 50% in endometrial cancer women [42] and 60%
in cervical cancer women [43]. The incidence of VS var-
ies depending on tumor type, radiotherapy modality and
dose, hormone levels, use of dilators, and so on [41]. If
vaginal fibrosis and adhesion further worsen, radiother-
apy may result in full vaginal obliteration, affecting wom-
en’s quality of life and sexual function [44]. Severe vaginal
necrosis occurs primarily in the late stage of radiotherapy
injury, with an incidence of 3% to 6%, and can result in
serious complications such as necrosis-associated blad-
der or rectal fistula, perforation, or even death [45].

Excessive electrocoagulation and lateral thermal spread
during laparoscopic radical hysterectomy can also cause
vaginal and urinary tissue injuries, leading to fistula for-
mation [46]. The incidence of VVF after radical hyster-
ectomy varies from 0.3% to 2.61% [46-50]. Therefore,
in order to reduce the risk of genitourinary fistulas, a
thorough examination and diagnosis of urinary injuries
should be performed before the end of operation [51].
Although genitourinary fistulas are rare, they can result
in depression, anxiety and a decline in women’s mental
health [23], as well as an increase in secondary surgery
and readmission rate [52]. Furthermore, genitourinary
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fistulas may cause patients to delay adjuvant therapy,
affecting women’s short-term survival [53].

Congenital anomaly of vaginal development

In addition to acquired diseases including trauma and
cancer, the absence of the normal vagina primarily arises
from congenital vaginal aplasia, especially MRKH syn-
drome [54]. MRKH syndrome is a female congenital dis-
ease with Miillerian duct aplasia, marked by agenesis or
aplasia of uterus and vagina’s upper part, and a 46,XX
chromosome karyotype in women [55]. The prevalence of
MRKH syndrome is approximately 1/5000 in live female
births [56]. In most cases, MRKH syndrome is diagnosed
with primary amenorrhea, which places a psychological
burden on young women and affects their sex lives [57].
Complications from vaginoplasty for vaginal agenesis can
lead to a variety of vaginal injuries, including graft rejec-
tion or necrosis [58], VS, fistula formation [59], prolapse,
and reoperation [60]. Transverse and longitudinal vaginal
septum can also result in hematocolpos, if not diagnosed
and treated promptly, women may experience long-term
severe pelvic pain and late fertility problems [61].

Menopause
Menopause is a natural process that all women go through
as their estrogen levels decline. Menopausal women are
frequently accompanied with urinary symptoms and pel-
vic organ prolapse (POP) as a result of estrogen decline
[62, 63]. Women with anterior vaginal prolapse, the
most common type of POP, have altered vaginal thick-
ness, mechanical properties, and structural composition
[64—66]. Zhu et al [66] used single-cell RNA sequencing to
show the cellular composition of the vaginal wall in women
with POP. They detected that fibroblasts and smooth mus-
cle cells were the most abundant, the morphology of the
vaginal wall was changed at every layer and muscularis
showed atrophy in POP women. Yu et al [67] also revealed
changes in the overall structure of the vaginal wall caused
by a bilateral ovariectomized rat model, such as thinning
of the vaginal epithelial layer and adventitia layer, sparsely
deposited collagen in the lamina propria, and disordered
and reduced smooth muscle, all of which contributed to a
reduction in vaginal support and POP development.
Estrogen insufficiency can also cause vaginal atrophy
(VA) in postmenopausal women, with an incidence of
39%, which is accompanied by vaginal itching, dryness,
and dyspareunia [63, 68, 69]. VA, sometimes also known
as VVA, has a negative effect on women’s sexual health
and quality of life, over half of them have never received
treatment because they may be embarrassed to seek
medical attention [68]. As a result, in order to further
diagnose and treat VA, clinicians should give it enough
attention. In the meantime, clinical practice should
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include measures of the pH value and vaginal maturation
index in addition to symptom assessment [69].

Treatments of vaginal injuries

The treatment methods of vaginal injuries vary depend-
ing on the etiology, and include medical treatment,
physical treatment, surgical treatment and biological
treatment.

Medical treatment

The main medications used to treat vaginal injuries are
estrogen, hyaluronic acid, and growth factor, and the
mechanisms involved in each treatment are detailed in
Fig. 2.

Estrogen

Estrogen regulates vaginal physiology predominantly
through the estrogen receptor alpha (ERa) [70, 71].
Estrogen therapy is beneficial for VA and stress urinary
incontinence (SUI), and it improves the vaginal wound
healing of POP and other vaginal surgeries including
urinary incontinence and vaginal fistula surgery [63, 72],
thus it is widely utilized nowadays.

Estrogen can reduce wound size and inflammation
[73, 74] expedite epithelialization and increase vaginal
wall thickness, promote angiogenesis and collagen syn-
thesis, enhance vaginal tissue strength, and maintain
vaginal tissue integrity. The positive effects of estro-
gen therapy on vaginal wound healing are essential for
maintaining pelvic organ position and preventing POP
recurrence [72]. Local estrogen therapy plays a role in
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improving vaginal microcirculation in VVA women [75],
and is the most effective therapy for non-mild VVA [70].
Estrogen can dilate blood vessels, increase vaginal blood
flow, and improve vaginal lubrication through NOS and
VIP pathways [76] (Fig. 2). The vaginal application of
estrogen after radiotherapy promotes the regeneration
of vaginal epithelium, which may be more remarkable
when estrogen is given in women more than 3 months
after radiotherapy [77]. It is worth noting that radiation-
induced alterations in vaginal morphology diminish the
efficacy of vaginal estrogen treatment because pelvic
radiotherapy decreases the expression of vaginal estrogen
receptors [44, 78]. Due to the risk of recurrence and side
events in different tumors, there is limited evidence sup-
porting the use of local and systemic estrogen therapy in
women with gynecologic tumors [44].

Hyaluronic acid

Hyaluronic acid (HA), a basic component of extracellu-
lar matrix (ECM), is an effective vaginal pharmaceutical
agent with moisturizing and lubricating properties. It
may be appropriate for women with VA who have con-
traindications to estrogen treatment, as well as for other
diseases that affect vaginal symptoms and signs. HA can
effectively alleviate symptoms such as vaginal pain, itch-
ing, burning, dryness, and bleeding [79]. Liu et al [80]
demonstrated that local injection of HA vaginal gel effec-
tively relieved symptoms of VA in a postmenopausal rat
model while also enhancing vaginal epithelium repair.
Furthermore, higher expression of P-AKT and VEGF in
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vaginal tissue suggested that HA may treat vaginal inju-
ries by promoting angiogenesis (Fig. 2).

HA could improve vaginal health in women who expe-
rience vaginal injuries from cancer and radiotherapy. It
promotes vaginal epithelial regeneration, enhances vagi-
nal elasticity and lubrication, and reduces vaginal adhe-
sions and obliterations. Given its safety and absence of
contraindications, HA is used to repair tissue injuries
[44]. Laliscia et al [81] discovered that local therapy with
HA was helpful in reducing vaginal toxicities in endo-
metrial cancer patients undergoing postoperative vagi-
nal BT and was recommended to be administered from
the start of BT until at least two weeks after completion.
Delia et al [82] also demonstrated that vaginal use of HA
suppositories decreased radiotherapy-induced vaginal
discomfort and facilitated the repair of vaginal mucosa in
patients with cervical cancer, potentially assisting women
in completing radiation therapy. More high-quality clini-
cal research on the usefulness of HA for vaginal injuries
is necessary in the future.

Growth factor

Numerous studies have been conducted on the positive
effects of growth factors on vaginal wound healing, with
fibroblast growth factor (FGF) being the most extensively
studied at present. Vaginal wound healing involves mod-
ulating ECM metabolism. Basic fibroblast growth factor
(bFGF) promotes cell proliferation, stem cell differenti-
ate into fibroblast and collagen production, nonetheless,
better POP animal models are needed to demonstrate
bFGF’s therapeutic impact in enhancing vaginal wound
healing [83]. Interestingly, multiple clinical investigations
indicated that FGF/bFGF had an influence on neovagi-
nal epithelialization in women having vaginoplasty for
MRKH syndrome and played a major role in the regen-
eration of vaginal tissue when combined with bioma-
terials [84, 85]. Keratinocyte growth factor (KGF) is a
member of the FGF family, commonly known as FGF-7.
It is produced by mesenchymal cells and has a mitogenic
effect on uterine and vaginal epithelial cells [86, 87]. KGF
has been shown to enhance vaginal epithelial cell prolif-
eration, thicken the epithelial layer in neonatal mice, and
generate long-term impacts on the vaginal epithelium
[86]. KGF and estrogen have similar effects in treating
VA, possible due to the interaction between estrogen
and KGF receptors and changes in intracellular ER-o
distribution. Based on the murine model, KGF may be
a possible alternative treatment for VA compared with
estrogen because it has no systemic negative effects [88].
Similarly, epidermal growth factor (EGF), an essential
mediator of estrogen activity, promotes cell growth in
the reproductive tract in a manner similar to estrogen
[89]. Transforming growth factor betal(TGF-f1) is a
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significant mediator of wound repair in skin tissue, and
is also involved in vaginal wound repair process [90].
Transforming growth factor alpha (TGF-a) regulates the
development and morphogenesis of Miillerian ducts and
urogenital sinus, potentially contributing to reproductive
tract disorders [91]. Meanwhile, platelet-derived growth
factor-B (PDGEF-B) was found to be significantly associ-
ated with vaginal wound closure [92]. In vitro, recombi-
nant human connective tissue growth factor (hCTGF)
can influence the expression of collagen I and III and
induce ADSC differentiation, making it potentially ben-
eficial in the POP therapy [93] (Fig. 2). More clinical tri-
als are required to conduct and confirm the safety and
efficacy of growth factors in vaginal injury repair, as the
majority of existing studies are carried out on animals.

Physical treatment

When patients do not benefit from local estrogen treat-
ment or have contraindications to horm one therapy,
laser may be an effective alternative treatment for VVA.
Acute thermo-ablative damage and proliferation are the
two stages of the CO2 laser system. The laser is used
to promote the synthesis of collagen and ECM in the
injury site, increase the elasticity of the vaginal wall, and
relieves vaginal discomfort symptom [94]. Similarly, Sam-
uels et al [95] discovered that fractional CO2 laser treat-
ment can improve symptoms of VVA in postmenopausal
women, increase the submucosal vascularization, col-
lagen and elastic fiber content in the vagina, and is bet-
ter tolerated by women. CO2 laser treatment could also
improve vaginal discomfort in cancer and radiotherapy
patients. In a prospective research, Perrone et al [96] dis-
covered that intravaginal non-ablative CO2 laser therapy
increased the vaginal length and improved vaginal health
index in genital cancer women after pelvic radiotherapy.
Quick et al [97] performed fractional CO2 laser therapy
on gynecologic cancer patients with sexual dysfunction
and discovered that women’s sexual function improved
after treatment, and CO2 laser therapy was relatively
safe without serious side effect. However, study sample
sizes for vaginal injuries followed by laser treatment were
small, and larger future studies with long-term follow-up
are needed to demonstrate effectiveness.

Surgical treatment

In addition to superficial and hemostatic lacerations, vag-
inal wall lacerations caused by vaginal delivery should be
sutured to avoid persistent bleeding or anatomical mal-
formation. The apex of the vaginal laceration should be
identified. Interrupted or continuous sutures are posi-
tioned 1 cm above the apex to close the vaginal mucosa
and the underlying fascia, ultimately achieving the hemo-
stasis and restoring vaginal anatomic structure [98, 99].
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Non-obstetric VVT could lead to vulvovaginal hema-
toma formation. When vulvovaginal injury occurs, the
decision to operate or not should be dependent on the
severity of the trauma, the size of the hematoma, and
bleeding. If the hematoma continues to grow, it should
be surgically removed, bleeding vessels must be ligated,
and sutures should be used to heal vulvovaginal tissues,
avoiding necrosis and secondary infections of tissues
[13, 100]. If the hematoma is restricted to a small ana-
tomical area and there is no active bleeding, substantial
enlargement, or dysuria, ice packs may be used as a con-
servative treatment [13, 101, 102].

Radiotherapy-induced vaginal stenosis or adhesion
could be treated with vaginal dilation using a vaginal dila-
tor, which works by expanding the vaginal tissue, stimu-
lating the growth of vaginal epithelium, and preventing
fibrosis and elastic degeneration [41]. Vaginal dilator
therapy (VDT) is beneficial to maintain vaginal length
and improve sexual function after radiation therapy [103].
However, there is no consensus on the type of vaginal
dilator, initiation timing after radiotherapy, the duration
of usage, or the method of application [44]. Bakker et al
[104] considered that the use of vaginal dilators should
begin 4 weeks after radiotherapy and last 9 to 12 months
to prevent vaginal adhesion and shortening, and that plas-
tic dilator sets were the best appropriate option for VDT.
In another study, vaginal dilator was used at the begin-
ning of radiotherapy or 4 weeks after radiotherapy for 3
months to relieve patients’ vaginal dryness [105]. Matos
et al [106] believed that the method of vaginal dilation
should be personalized and utilized with lubricants indefi-
nitely, depending on the need of patients. Unfortunately,
women undergoing radiotherapy have poor adherence to
vaginal dilators, which is related to psychological burden
such as embarrassment, anxiety, pain and fear of vaginal
injury [107]. Long-term intervention trials are required
to further understand standardized vaginal dilation tech-
niques and find effective and optimal vaginal dilation
treatments [108]. Additionally, vaginal anatomical defects
caused by vaginal stenosis after radiation therapy can
be restored by forming a vaginal pouch with absorbable
sutures, achieving vaginal reconstruction [109].

Surgery can successfully repair VVF with a urinary
continence rate of 87.09% [28]. Conservative treatment
for VVF consists primarily of an indwelling catheter,
which is more successful when the fistula is less than 4
mm [110]. RVF is rarely self-healing, and surgical repair
has a success rate of about 55%, with the key to success
being a proper diagnosis and surgery plan [111]. Fistula
surgery is technically difficult, and closing the pelvic fis-
tula does not ensure control of urination or defecation
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because fistulas may cause damage to bowel and bladder
tissue [112].

The first-line treatment for MRKH syndrome is vaginal
dilation, whereas the second-line treatment is surgical
development of a neovagina. If vaginal dilatation fails or
patient does not comply with treatment, surgery will be a
choice [113, 114]. The most traditional approach to vagi-
nal reconstruction in women with congenital absence
of the vagina is to create a neovagina using vaginoplasty
between bladder and rectum, with grafts such as skin
[115], buccal mucosa [116], peritoneum [117], and bowel
[118]. The choice of grafts greatly influences the outcome
of surgery, however, autologous tissue may not be the
optimal choice for vaginoplasty because of side effects
and complications. Ideal vaginal reconstruction requires
the rehabilitation of vaginal morphology and function, as
well as the regeneration of smooth muscle and nerve tis-
sue. Tissue engineering technology provides new therapy
possibilities for vaginal reconstruction [54]. However,
vaginal repair with new grafted tissues will be a signifi-
cant challenge for clinicians in the future [119]. Figure 3
summarizes various surgical treatment methods for vagi-
nal injuries.

Biological treatment

Stem cell therapy

Stem cell therapy has been used to improve the biologi-
cal function of damaged tissue in medical fields due to
its paracrine activity and targeted differentiation poten-
tial [120, 121]. Mesenchymal stem cells (MSCs) become
the seed cells for vaginal reconstruction [54]. MSCs can
differentiate into endothelial-like cells and smooth mus-
cle cells in vitro, both of which are essential compo-
nents in vaginal reconstruction and vascularization, and
participate in the repair process of vaginal injury [122].
To present, the most common MSCs used for vaginal
injury repair are bone marrow derived mesenchymal
stem cell (BMDSC), adipose derived mesenchymal stem
cell (ADMSC), and human umbilical cord mesenchy-
mal stem cell (HUMSC). These investigations on vagi-
nal repair and reconstruction with MSCs have mainly
focused on animal models. Kasap et al [123] used the rat
oophorectomy menopause model and discovered that
injection of ADMSC and BMDSC into the below vaginal
mucosa increased the thickness of the vaginal epithe-
lium and improved vaginal atrophy, with ADMSC being
more effective than BMDSC. Mao et al [124] detected
that mRNA levels of angiogenic factors (bFGF/VEGF)
were significantly increased in the vaginal wall of ova-
riectomized rats injected with HUMSCs, implying that
paracrine effects of HUMSCs may repair the vaginal
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Fig. 3 Surgical treatments for vaginal injuries. MRKH syndrome Mayer-Rokitansky-Kister-Hauser syndrome.(Created with BioRender.com)

wall’s fibromuscular structure. In a similar oophorectomy
menopause model of rhesus macaques, Zhang et al [120]

demonstrated that injecting HUMSCs into

the vaginal

wall can repair vaginal tissue by promoting ECM growth,
neovascularization, and smooth muscle content increase,
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as well as improving the vagina wall’s biomechanical
property. Figure 4 summarizes the role of MSCs in vagi-
nal injury repair in the animal model. Although MSCs
have the capacity to heal poor vagina tissue, the mecha-
nism remains to be fully understood. Stem cell therapy,

ADMSCs ", \

/BMDSCs

—

Fig. 4 Stem cell therapy for vaginal injuries. ADMSCs adipose derived mesenchymal stem cells, HUMSCs human umbilical cord mesenchymal stem
cells, BMDSCs bone marrow derived mesenchymal stem cells, ECM extracellular matrix. (Created with BioRender.com)
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Tissue engineering technology

Biomaterials

Growth factors (biological scaffolds ) .~

Strengths:

Better biocompatibility
Better biodegradability
Stable mechanical properties
Better ability of tissue regeneration

—

Page 12 of 16

Simulate the
natural ECM
Provide support
for vagina

Laboratory animals

Fig. 5 Tissue engineering technology in the treatment of vaginal injuries. ECM extracellular matrix. (created with BioRender.com)

if used on patients, still has certain problems that need
to be addressed and improved, including the ethical con-
cerns about cell sources, immune tolerance and rejec-
tion between stem cells and the female body, safety, and
the assessment of proliferation and differentiation ability
after stem cell therapy [125].

Tissue engineering technology

Congenital anomaly of vaginal development, particu-
larly MRKH syndrome, could be treated with vagino-
plasty using autologous tissue. However due to a paucity
of suitable donor tissue, surgical failures, and complica-
tions [119, 126], vaginal reconstruction with tissue grafts
remains challenging. Implanted support structures can
be used for surgical therapy in women with POP, and
nonabsorbable polypropylene (PP) mesh was the most
commonly used material in clinical practice [119, 127].
PP mesh can provide mechanical support for the vagi-
nal wall [119], however its clinical application is lim-
ited by the non-degradability and complications such as
mesh erosion, exposure, chronic pain and infection. The
American Food and Drug Administration (FDA) has
announced the termination of PP mesh [128].

Tissue engineering technology is a considered ther-
apy option that has been gradually applied to the stud-
ies of vaginal injury repair and vaginal reconstruction
[54]. Tissue engineering involves using a compound of
cells, growth factors/drugs, and biomaterials to treat
tissue damage [129]. The role of cells is to accelerate
repair, promote the production of connective tissue and

regeneration of damaged tissue. Bioactive factors, espe-
cially growth factors, could activate stem cells, induce
differentiation and promote tissue regeneration. Bioma-
terials used to repair damaged pelvic floor tissues have
a role in providing supportive power for the vagina and
transporting cells to damaged tissues [129, 130].

Mammalian tissue healing requires the ECM, and
biological scaffolds that mimic the natural ECM have
been used to provide a three-dimensional matrix struc-
ture for vaginal tissue repair, allowing cells to adhere,
proliferate and differentiate [129]. Biological scaffold
materials primarily include synthetic and natural mate-
rials, produced by decellularization and self-assembly,
as well as electrospinning techniques, to restore vagi-
nal function and improve the integrity of vaginal wall
by combining vaginal seed cells and/or growth factors
[119, 131, 132]. To date, there have been only a few
clinical studies using biomaterials for patients with
MRKH syndrome and POP, and therapeutic effects
are uncertain due to the small number of patients and
short follow-up period [84, 85, 133]. The majority of
these studies were carried out in large and small animal
experiments, as shown in Table 2.

Tissue-engineered biological scaffold materials that
lack immunogenicity are more biocompatible and biode-
gradable than PP mesh, with a certain mechanical quality
and good ability to promote tissue regeneration (Fig. 5).
Despite the benefits of tissue engineering technology,
there are several limits to its clinical translation applica-
tion, such as cell and growth factor selection and the gen-
eration of desirable biological scaffolds [130]. As a result,
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more large-scale preclinical animal and clinical research
is needed to advance the further development of engi-
neering technology for vaginal injury and reconstruction.

Conclusion and prospect

Different etiologies of vaginal injuries negatively affect
women’s mental health and quality of life across age
groups. Estrogen is the most commonly used medi-
cine for vaginal injuries, particularly vaginal atrophy
in postmenopausal women, the therapeutic benefit is
obvious, however it has limited application in women
with gynecologic tumors, hyaluronic acid or laser ther-
apy may become alternative replacement therapies in
the future. Vaginal delivery is the most prevalent cause
of vaginal injuries, thus clinical personnel should pay
greater attention to labor protection and management,
identify the laceration degree, and improve suture tech-
niques, which will be beneficial to reduce postpartum
complications. Similarly, trauma-related vaginal injury
requires an accurate assessment of the injury site and
severity, and timely treatment.

Stem cell therapy shows promise when compared to
traditional vaginal injury treatments. Tissue engineer-
ing technology, as an advanced scientific research area,
brings new expectations to vaginal reconstruction in
women with MRKH syndrome due to its superior abil-
ity of tissue regeneration. However, most of studies on
these new therapies have been limited to cell and ani-
mal experiments, with only a few tiny clinical trials. As a
result, further research should be made to confirm their
therapeutic efficacy and safety in the future.
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