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Introduction 

Stress urinary incontinence (SUI) in women is known to be 
caused by pregnancy, delivery, obesity, and aging. The most 
common type of SUI is related to the trauma of vaginal 
childbirth [1]. SUI can seriously impact postpartum activity and 
quality of life in women. To better understand the 
pathophysiology of SUI, animal models have been developed to 
simulate various human situations [2-4]. One of the most 
common models is vaginal distention (VD), which was first 
developed by Lin et al. [5] in rats. VD simulates the second phase 
of labor and has been shown to damage the pelvic floor 
muscles, particularly the external urethral sphincter (EUS) and 
peripheral branches of the pudendal nerve [3,6]. Several 
modifications to the originally reported technique of inducing 
VD have been reported, including the size of the Foley catheter 
inserted into the rat vagina, balloon dilation volume, inflation 
time, and animals’ age or reproductive stage [5,7-13]. Regardless 
of such variations in methodology, VD damages urethral 
function in the short term and reduces urethral resistance to 
leakage, resulting in SUI that recovers with time [4]. 

The EUS is a unique striated muscle tissue that encloses the 
urethra [14,15], and it plays a critical role in urethral closure 
mechanisms during urinary continence [16,17]. Establishing a 
full understanding of the anatomical and physiological features 
of the EUS is essential to understanding the pathophysiology of 
SUI. Myosin heavy chain (MHC) isoforms are the most 
appropriate markers for delineating the fiber types in skeletal 
muscle [18]. Our recent study demonstrated that the rat EUS of 
both sexes expressed three MHC isoforms, one slow (type 1) and 
two fast (types 2A and 2B), using triple immunofluorescence 
labeling [19]. We observed a clear sexual dimorphism and 
regional differences in the fiber-type composition of the rat EUS 
along the longitudinal axis of the urethra. A detailed knowledge 
of changes in the fiber-type composition of the EUS in the 
presence of pathophysiological conditions is essential to 
evaluating its functional and metabolic properties. 

VD has been recognized as an animal model of myogenic 
damage-related SUI [11]. Lin et al. [5] first demonstrated that 
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Abstract 

Objective: Various animal models have been developed to 
understand the pathophysiology of stress urinary 
incontinence and identify suitable therapies. One of the 
most common animal models, a vaginal distention model 
that simulates the second phase of labor, has been shown 
to damage the pelvic floor muscles, particularly the external 
urethral sphincter, in rats and mice. The external urethral 
sphincter plays a crucial role in urinary continence. This 
study aimed to examine the changes in the fiber-type 
composition of this skeletal sphincter muscle under 
pathophysiological conditions in order to evaluate its 
functional and metabolic properties. 

 
Methods: We used triple immunofluorescence labeling to 
visualize one slow (type 1) and two fast (types 2A and 2B) 
myosin isoforms in the female rat external urethral 
sphincter and examined changes in their expression within 
the sphincter 4 weeks after vaginal distention in an 
established animal model of postpartum stress urinary 
incontinence. 

 
Results: We found that the fiber-type compositions were 
similar to those of intact animals, with type 2A fibers 
predominant throughout the sphincter, and type 2B fibers 
restricted to the proximal segment. Type 1 fibers were 
concentrated in the proximal and distal ends of the 
sphincter. However, the ratio of total cross-sectional area of 
type 2B fibers was significantly reduced in rats with vaginal 
distention. Moreover, the minor diameter of type 2B fibers 
was significantly decreased. 

 
Conclusion: These findings indicate that vaginal distention 
may induce irreversible changes in myosin heavy chain 
expression in the rat external urethral sphincter, especially 
of type 2B isoforms. 
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the urethral wall musculature, including both smooth and 
striated muscles, diminished in incontinent rats subjected to VD. 
VD caused severe disruption and marked thinning of the EUS [8]. 
The expression of caveolin-3 and neuronal nitric oxide synthase 
significantly decreased in the urethral striated muscle after VD 
[7]. Serum skeletal muscle enzymes such as lactose 
dehydrogenase and creatine kinase, which are indicators of 
increased muscle cell membrane permeability and skeletal 
muscle damage, increased and peaked on day 7 after VD [12]. 
Lin et al. [5] indicated that muscle necrosis and degeneration, 
irregular shape and size of muscle fibers, and a change in the 
ratio of type 1 and type 2 fibers were prominent features in the 
levator ani after VD, although they did not report the fiber-type 
changes in the EUS. Thus, to the best of our knowledge, no data 
are available concerning the changes in the fiber-type 
composition of the rat EUS after VD. Therefore, the aim of this 
study was to examine whether the MHC isoform expression 
patterns change in the EUS after VD using triple 
immunofluorescence labeling. 

 

Materials and Methods 

Animals 

All of the experiments were approved by the Animal Care and 
Use Committee of the Prefectural University of Hiroshima. Eight- 
week-old female Wistar rats were purchased from Hiroshima 
Experimental Animals Co. (Hiroshima, Japan). A total of 12 
animals were divided into two groups: 7 underwent VD and 5 
served as intact controls. The animals in the VD group were 
anesthetized via intraperitoneal (IP) injection of medetomidine 
(0.3 mg/kg), midazolam (4.0 mg/kg), and butorphanol (5.0 mg/ 
kg). According to the method described by Lin et al., a 12-Fr 
Foley catheter with the tip cut off was inserted into the vagina, 
and the balloon was inflated with 2 ml of water. The labia 
majora were sutured to prevent ejection of the dilated balloon. 
After 4 h, the balloon was deflated and removed from the 
vagina. The intact group received no such treatment. Both 
groups were housed with access to water and food ad libitum 
until they reached 12 weeks of age. Then, the animals were 
euthanized by an IP pentobarbital overdose (100 mg/kg). 

 

Tissue preparation 

After a ventral abdominal incision, the bladder and urethra 
were exposed by opening the pubic bone. The urethra was 
removed with the vagina from the meatus to the bladder neck. 
The specimens were embedded in optimal cutting temperature 
compound and frozen in liquid nitrogen. Serial 12 µm 
longitudinal sections were cut on a cryostat (HYRAX C 50; Carl 
Zeiss Microscopy GmbH, Jena, Germany). All of the collected 
sections contained EUS muscle fibers. Some sections were 
stained with hematoxylin-eosin to detect the architectural 
landmarks of the EUS and urethra. 

Immunofluorescence labeling of MHC isoforms in 
the EUS 

The sections were rinsed in 0.1 M phosphate-buffered saline 
(PBS) at pH 7.3 and incubated for 1 h at room temperature in 
PBS containing 0.2% Triton 100X, 1% bovine serum albumin 
(BSA), and 5% normal goat serum (NGS). The tissues were 
incubated overnight with the primary antibody cocktail at 4°C. 
The combination of the primary antibodies used to detect MHC 
isoform expression was similar to that used in a previous study 
[20] and consisted of mouse type 1 immunoglobulin (Ig) G2b (1: 
100 dilution), type 2A IgG1 (1: 50 dilution), and type 2B IgM (1: 
50 dilution) antibodies that were diluted in PBS containing 0.2% 
Triton 100X, 1% BSA, and 5% NGS. All of the primary antibodies 
were obtained from the Developmental Studies Hybridoma Bank 
(Iowa City, IA, USA). Following incubation with the primary 
antibodies, the sections were washed with PBS and incubated 
for 1–2 h at room temperature with the following secondary 
antibodies, which were diluted in PBS containing 0.2% Triton 
100X, 1% BSA, and 5% NGS: Alexa Fluor

®
 350-conjugated goat 

anti-mouse IgG2b, (1: 500 dilution; Invitrogen, Carlsbad, CA, 
USA), Alexa Fluor

®
 594-conjugated goat anti-mouse IgG1 (1: 500 

dilution, Invitrogen), and Alexa Fluor
®
 488-conjugated goat anti- 

mouse (1: 500 dilution, Invitrogen). The sections were 
subsequently washed in PBS and mounted in Vectashield™ 
Mounting Medium (Vector Laboratories, Burlingame, CA, USA). 
Negative control assays were performed that involved the same 
staining procedure in the absence of the primary antibodies, and 
positive signals were not detected in the tissues that had 
undergone these assays. Fluorescent images were acquired 
using a fluorescence microscope (BZ-X700; Keyence Corporation, 
Osaka, Japan). 

 

Data analysis 

We examined only the ventral wall of the EUS in the sagittal 
sections, because the distal segment of its dorsal wall was 
incomplete or missing, as described in our recent publication 
[19]. Images (100X) of the complete ventral wall in the proximal, 
middle, and distal segments of each animal were captured in the 
midsagittal plane of the urethra. The captured images were 
analyzed, and the cross-sectional areas (CSAs) of the positively 
labeled fiber types (1, 2A, and 2B) were calculated using the BZ- 
X700 analysis application (Keyence Corporation). The percentage 
of a fiber type in each segment of the EUS was calculated as the 
sum of the CSA of a fiber type divided by the total CSA of the 
three fiber types. In addition, higher-magnification images 
(400X) were obtained from midsagittal sections of the proximal 
segments of the EUS to measure the minor diameters of each 
fiber type. The data were statistically analyzed using the 
unpaired t-test or the Mann-Whitney U test, and expressed as 
means and standard errors of the mean or median (minimum- 
maximum), respectively. All statistical analyses were performed 
with SPSS Statistics software version 23 for Microsoft Windows 
(IBM Corp., Armonk, NY, USA). 
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Results 

General appearance of the EUS stained with 
hematoxylin-eosin 

The general structure of the female EUS was consistent with 
the observations described in our previous study [19]. Briefly, in 
the sagittal sections of the urethra, the EUS was apparent as the 
cross-sectional profiles of the striated muscle fibers embedded 
in the connective tissues of the urethral wall (Figure 1). 

The EUS was thickest in the proximal segment at both the 
ventral and dorsal walls of the urethra, whereas its distal 
segment became thinner in the ventral wall and was missing 
from the dorsal wall. The EUS of rats that underwent VD 
appeared slightly thinner than those of intact animals, 
particularly in the proximal segment. 

Moreover, higher-magnification images revealed that the 
muscle profile of rats subjected to VD contained fewer larger- 
sized fibers compared with that of intact animals (Figure 1). 
However, no pathological changes, i.e., muscle necrosis and 
degeneration, were observed in the EUS of rats that underwent 
VD. 

In short, type 2A fibers were dominant throughout the EUS, 
while almost all of the type 2B fibers were localized to the 
proximal segment. Type 1 fibers were concentrated at both the 
proximal and distal ends (Figure 4). 

However, the ratio of total CSA of type 2B fiber in the 
proximal segment was significantly decreased in rats that 
underwent VD compared to that in intact animals. The CSA of 
each fiber type in the three segments of the EUS is summarized 
in Table 1. In the EUS of rats that underwent VD, the CSA of type 
2B fibers was significantly decreased compared with that of 
intact rats. 

Figure 3 shows a representative animal from the VD group, in 
which the proximal segment of the EUS contained fewer type 2B 
fiber profiles. Conversely, the CSA of type 1 fibers in the EUS of 
rats that underwent VD was increased in all segments, although 
this difference reached statistical significance only in the middle 
segment. 

The total CSA of the three types of fibers in the proximal 
segment of the EUS was significantly decreased in animals with 
VD compared with intact rats, although there was no significant 
difference between the intact and VD groups in either the 
middle or distal segments. The higher-magnification views 
revealed that type 2B fibers in the VD animals were markedly 
smaller than those in the intact animals (Figure 5). 

A small proportion of type 1/2A hybrid fibers were detected in 
the EUS of both intact and VD animals (Figure 6). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
MHC     expression     in     the     EUS     using     triple 
immunofluorescence labeling 

As we reported in our recent study [19], triple 
immunofluorescence labeling clearly showed the distribution of 
types 1, 2A, and 2B fibers in the female rat EUS (Figures 2 and 
3). The distribution patterns of each fiber type in every segment 
of the EUS are shown in Figure 4, which are consistent with our 
previous report [19]. 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1: High-power views showing the proximal segment of 
the external urethral sphincter (EUS) in hematoxylin and 
eosin-stained sagittal sections of the urethra from an intact 
rat (A) and a rat that underwent VD (B). Note the cross- 
sectional profiles of the striated muscle fibers embedded in 
the connective tissue. Fiber profiles with a larger diameter, 
indicated by asterisks, are often seen near the adventitial 
(upper) side of the muscle layer in the intact rat (A) (scale bar: 
20 µm), while these fiber profiles are rare in a rat that 
underwent VD (B) (scale bar: 50 µm). 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 2: Fluorescence microscopy images showing the three 
myosin isoforms (type 1, blue; type 2A, red; and type 2B, 
green) in the external urethral sphincter (EUS) of an intact rat 
using a triple immunolabeling technique. A, B: Low-power 
view showing the proximal (A) and distal (B) segments of the 
ventral wall of the EUS (scale bars: 100 µm). The proximal 
segment contains three fiber types, namely, types 1, 2A, and 
2B. Type 1 fibers are located in the adluminal region, while 
type 2B fibers are situated near the adventitial (upper) side of 
the muscle layer. A boxed area in A is enlarged in Figure 5A. 
The distal segment predominantly contains type 2A fibers and 
a lesser number of type 1 fibers, with no type 2B fibers. 

Arrows indicate the proximal end (A) and the distal end (B) of 
the EUS (m, urethral mucosa). 
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The average minor diameters of each fiber type in the 
proximal segment of the EUS in intact and VD animals are 
summarized in Table 2. In general, type 1 fibers were the 
smallest, and type 2B fibers were the largest in both groups. 
Both type 2A and 2B fibers were significantly smaller in rats that 
underwent VD than in intact animals. By contrast, type 1 and 
type 1/2A hybrid fibers were significantly larger in rats that 
underwent VD than in intact animals. 

 
 
 
 
 
 

 
Figure 6: Fluorescence microscopy images showing the 
presence of type 1/2A hybrid fibers in the proximal segment 
of the external urethral sphincter (EUS) in an intact rat (A-C) 
and a representative animal that underwent VD (D-F). A–C: 
Examples of type 1/2A hybrid fibers (arrowheads). A, D: Type 
1; B, E: type 2A; and C, F: a merged view incorporating panels 
A and B or D and E (scale bar: 20 µm). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Fluorescence microscopy images showing the three 
myosin isoforms (type 1, blue; type 2A, red; and type 2B, 
green) in the external urethral sphincter (EUS) using a triple 
immunolabeling technique. A, B: Enlarged views of the boxed 
areas in Figures 2 (an intact rat) and 3 (a representative 
animal that underwent VD), respectively (scale bars: 20 µm). 
Type 2B fibers are the largest among the three fiber types of 
the intact rat (A), while their profiles are smaller (arrows) in a 
rat that underwent VD (B). 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Fluorescence microscopy images showing the three 
myosin isoforms (type 1, blue; type 2A, red; and type 2B, 
green) in the external urethral sphincter (EUS) from a rat that 
underwent VD using a triple immunolabeling technique. A, B: 
A representative case showing the proximal (A) and distal (B) 
segments of the ventral wall of the EUS (scale bars: 100 µm). 
Type 2A fibers are predominant throughout both segments, 
and type 1 fibers are concentrated at both ends. In this case, 
the proximal segment contains few type 2B fiber profiles. A 
boxed area in A is enlarged in Figure 5B. Arrows indicate the 
proximal end (A) and the distal end (B) of the EUS (m, urethral 
mucosa). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Distribution of the three fiber types in each segment 
of the external urethral sphincter (EUS) in an intact rat and a 
rat that underwent VD. Type 2A fibers predominate 
throughout the EUS, while type 2B fibers are restricted to the 
proximal segment. The ratio of type 2B fibers in rats that 
underwent VD is significantly lower than that in intact 
animals. 

*
P < 0.05; 

**
P < 0.01. 
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Table 1: Comparison of the cross-sectional areas of the fiber types in each segment of the external urethral sphincter between the 
intact and VD groups. 

 

Segment Fiber type Intact ( x10
2
 µm

2
) VD ( x10

2
 µm

2
) 

 
 
 
 
 

Proximal 

Type 1 53.2 ± 11.5 91.2 ± 17.8 

Type 2A 553.2 ± 37.4 483.0 ± 31.8 

Type 2B 298.5 ± 65.0*
 84.0 ± 25.8*

 

Total 904.9 ± 86.8*
 658.3 ± 33.7*

 

 
 
 
 
 

Middle 

Type 1 1.3 ± 0.8*
 11.4 ± 3.4*

 

Type 2A 344.5 ± 71.7 360.2 ± 42.7 

Type 2B 0.0 (0.0 -2.6) 0.0 (0.0 -2.6) 

Total 346.3 ± 72.6 372.2 ± 45.0 

 
 
 
 
 

Distal 

Type 1 27.4 ± 1.5 39.4 ± 9.9 

Type 2A 433.5 (356.2-519.2) 288.6 (283.5 -468.5) 

Type 2B 0 0 

Total 462.5 (379.1-551.3) 324.2 (299.9-537.7) 

Values presented are the means ± the standard errors of the means or the median (minimum-maximum). *P<0.05 indicates a statistically significant difference compared 

with the intact group using the unpaired t-test or Mann-Whitney U test. Intact, N=5; VD, N=7. 

 
 
 

Table 2: Comparison of the average minor diameter of each fiber type in the proximal segment of the EUS between the intact and 
VD groups. 

 

Fiber type Intact (µm) VD (µm) 

Type 1 8.0 ± 0.1 (n=200) 8.6 ± 0.1** (n=310) 

Type 1/2A 6.7 ± 0.4 (n=10) 9.5 ± 0.6** (n=26) 

Type 2A 9.1 ± 0.1 (n=487) 8.5 ± 0.1** (n=819) 

Type 2B 13.3 ± 0.1 (n=542) 10.9 ± 0.2** (n=184) 

Values are presented as the mean ± standard error of the mean. **P<0.01 indicates a statistically significant difference compared with the intact group using the unpaired 

t-test or Mann-Whitney U test. Intact, N=5; VD, N=7. 

 

Discussion 

The present study used triple immunofluorescence labeling to 
investigate MHC isoform expression in the female rat EUS 4 
weeks after VD. We demonstrated that the distribution pattern 
of fiber types in the EUS did not differ between the intact and 
VD groups: type 2A fibers were dominant throughout the EUS, 
while almost all type 2B fibers were localized to the proximal 
segment, and type 1 fibers were concentrated at the proximal 
and distal ends. However, the fiber-type composition in the 
proximal segment differed markedly between the intact and VD 
groups. The ratio of total CSA of type 2B fibers significantly 
decreased in the proximal segment of the EUS after VD. 
Moreover, not only type 2B fibers but also type 2A fibers were 
significantly reduced in size. Conversely, type 1 and type 1/2A 
hybrid fibers were larger in the EUS after VD. 

The VD model has been applied in the evaluation of myogenic 
damage and recovery [11]. Using a VD mouse model, Lin et al. 
[20] demonstrated that leak point pressure was recovered 20 
days after VD, and this recovery was associated with repair of 
the EUS. Huang et al. [12] found that lactose dehydrogenase and 
creatine kinase, serum biochemical markers indicating muscle 
injury, peaked on day 7 and gradually declined, returning to 
near-normal levels 28 days after VD. In the present study, we 
employed the original VD model described by Lin et al. [5] to 
simulate birth trauma, and we immunohistochemically 
examined MHC expression in the EUS 4 weeks (28 days) after 
VD, which, based on previous experiments [12,21], appears to 
be a sufficient period for functional recovery from the muscle 
injury. Nonetheless, we found that the fiber-type composition in 
the proximal segment of the EUS 4 weeks after VD differed from 
that of intact animals in that the proportion of type 2B fibers 
was significantly lower. Thus, the morphological evidence 
obtained in the current study may not corroborate previous 
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pathophysiological data. In both our previous and present 
studies, type 2B fibers were observed only in the proximal 
segment of the female rat EUS, suggesting that this segment of 
the EUS plays an important role in coordination with the bladder 
neck during micturition and/or continence. Buffini et al. [21] 
suggested that type 2B fibers in the female rat EUS are small, 
oxidative, and resistant to fatigue, which differs from typical 
type 2B fibers that are large, glycolytic, and easily fatigable. 
Therefore, it is reasonable to consider that a reduced number 
and/or atrophy of the type 2B fibers in the proximal segment of 
the EUS could directly influence its contractile property in 
response to rapid changes in abdominal pressure. Moreover, not 
only type 2B fibers but also type 2A fibers, which occupied a 
larger portion of the female rat EUS, demonstrated atrophy. 
These findings are consistent with the result described by Lin et 
al. [5], indicating that the ratio of type 2 fiber decreased in the 
levator ani of incontinent rats 4 weeks after VD. Further studies 
are necessary to investigate whether the fiber-type composition 
and/or areal density of the fiber types present in the rat EUS is 
ultimately restored after VD, or whether VD leads to irreversible 
changes in MHC expression in the rat EUS, particularly of the 
type 2B isoform. 

Ischemia-reperfusion injury can lead to urinary incontinence, 
simulating the childbirth-related injuries seen in postpartum SUI 
[22]. A prolonged second stage of labor has been reported to 
result in pressure-induced ischemia to the urethral skeletal 
muscle [23]. Damaser et al. [9] demonstrated that VD results in 
decreased blood flow to, and consequently hypoxia of, the 
bladder, urethra, and vagina, suggesting that hypoxic injury is a 
possible mechanism of injury leading to SUI. VD simulates 
prolonged second-stage labor and prolonged mechanical 
compression of the pelvic floor, resulting in tissue hypoxia from 
decreased blood flow to the pelvic organs [12]. Cannon et al. [8] 
demonstrated that rats subjected to prolonged VD had the 
greatest histological evidence of urethral damage, especially to 
the skeletal muscle layer. They concluded that pressure-induced 
ischemia caused pelvic floor injury and dysfunction of the 
urethral continence mechanism. The present study is the first to 
demonstrate that VD induces changes in the fiber-type 
composition and the size of fibers present in the EUS. Notably, 
such changes occurred mainly in the type 2B fibers in the EUS. 
Chan et al. [24] suggested that skeletal muscle reperfusion injury 
predominantly affects type 2 fibers with low myosin content. 
Hence, it is possible that VD-induced ischemia following hypoxia 
and/or reperfusion resulted in injuries to fast-twitch fibers, 
particularly type 2B fibers, in the female rat EUS. 

In contrast to type 2B fibers, we observed that the CSA of type 
1 fibers in the EUS of rats subjected to VD was increased in all 
segments, a difference that was only significant in the middle 
segment. We also observed hypertrophy in a substantial number 
of type 1/2A hybrid fibers. Aging and/or gonadectomy has been 
reported to affect the fiber-type composition of the EUS in 
rabbits, dogs, and rats [19,25,26]. In a previous report, we 
demonstrated that the proportion of type 1 fibers increased in 
the EUS of ovariectomized rats. Under certain conditions, such 
as neuromuscular activity, mechanical loading or unloading, 
changes in hormone levels, and aging, transitions of MHC 
isoform expression in the skeletal muscles can occur, in either a 

fast-to-slow or slow-to-fast direction [18]. Changes to MHC 
isoform expression in the EUS may affect the contractile 
properties of this striated sphincter. However, the functional 
significance of the increase in the proportion of type 1 fibers and 
the appearance of hypertrophy in type 1 and type 1/2A hybrid 
fibers after VD remains unclear. 

The fiber-type composition of the human EUS is still 
controversial. Early enzyme-based analyses demonstrated that 
the human EUS contained type 1 or both type 1 and 2 fibers, 
with age- and sex-related variation [27-30]. Fast-twitch type 2 
muscle fibers in the levator ani were decreased in biopsy 
samples from women with SUI [31]. It is possible that women 
experience similar changes in the fiber-type composition of the 
EUS after childbirth to those observed in animals that undergo 
VD. However, pathological changes in the human EUS have not 
been reported due to the limited availability of urethral biopsy 
specimens from women with SUI. 

Antepartum and/or postpartum pelvic floor exercises are 
regarded as the primary treatment of SUI [32]. Postpartum 
exercises, when performed with a vaginal device providing 
resistance or feedback, appear to decrease postpartum urinary 
incontinence, although some training using a conservative 
model was shown to be ineffective in preventing postpartum 
urinary incontinence [33]. Jiang et al. [34] concluded that the 
pelvic floor muscles (iliococcygeus and pubococcygeus muscles), 
unlike the EUS, do not contribute to the bladder-to-urethra 
continence reflex in rats, due to the absence of a functional 
branch from the pudendal nerve innervating the pelvic floor 
muscles. Therefore, efforts to develop effective exercise 
interventions to reduce postpartum urinary incontinence should 
focus on targeting organs and tissues that are specifically 
impaired in SUI. The present study indicated that VD led to 
possibly irreversible damage to type 2B fibers in the EUS. This 
finding may in turn suggest that vaginal birth trauma could 
induce an irreversible change in the composition of fast-twitch 
and slow-twitch fibers within the human EUS, which might lead 
to sphincter dysfunction. From this point of view, a novel 
intervention such as stem cell therapy may serve as an effective 
treatment for SUI [35]. 

In conclusion, we examined the expression pattern of MHC 
isoforms in the EUS of rats that underwent VD using triple 
immunofluorescence staining. We confirmed that the ratio of 
type 2B fibers decreased significantly in the proximal segment of 
the EUS, along with prominent atrophy of this fiber type, 4 
weeks after VD. This finding suggests that VD may induce 
irreversible changes in MHC expression in the rat EUS, 
particularly of type 2B fibers. The female rat urethra shows a 
structural complexity consisting of the complicated mucosal 
foldings, longitudinal and circular smooth muscle layers, a 
striated muscle layer (EUS), and the submucosal venous plexus, 
all of which may be involved in the urethral continence 
mechanism [36]. However, this study was limited to the 
immunohistochemical analysis of MHC expression in the EUS 4 
weeks after VD. Thus, future studies should investigate 
pathological changes in each type of fiber in the rat EUS after VD 
in a time-dependent manner and confirm whether those 
pathological changes are ultimately restored or not. Taken 
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together, these morphological approaches could be useful in the 
assessment of muscle injuries after VD in rat models of SUI and 
for the development of suitable antepartum and/or postpartum 
exercises or therapies to prevent urinary incontinence in 
women. 
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