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CHAPTER 7 
 
 

SMOOTH-MUSCLE ACTIN-EXPRESSING 

CELLS ARE AN INTEGRAL COMPONENT 

OF THE CONNECTIVE TISSUE OF THE 

LEVATOR HIATUS 
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connective tissue of the levator hiatus.
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CHAPTER 7 - SMOOTH-MUSCLE ACTIN-EXPRESSION IN THE PELVIC CONNECTIVE TISSUE 

Abstract 

Background: Several studies demonstrated that the connective tissue of the adult 

pelvic floor contains smooth-muscle cells. Additionally, it has been suggested that 

the pelvic floor muscles are composed partly of smooth muscle. However, a 

comprehensive description of the distribution of smooth muscle cells in the pelvic 

floor is unavailable.  

Objective: To investigate the development and distribution of the smooth-muscle 

component of the connective tissue in the pelvic floor.  

Design, Setting, and Participants:  We collected pelvic-organ blocks of three complete 

foetal pelves (two female, 12 and 18 weeks of gestation; one male, 12 weeks of 

gestation), the pelvic organs and surrounding tissue of one male infant (7 years) 

and three adults (1 male, 2 females). Histological sections were prepared and 

stained (immuno)histochemically. Additionally, levator ani muscle (LAM) biopsies 

were collected from 19 adult cadavers. 

Measurements: The three-dimensional distribution of smooth-muscle actin-positive 

(SMA-positive) cells was visualized. 

Results and Limitations: In the foetus, SMA-positive cells were found in the connective 

tissue of the levator hiatus that surrounds the pelvic organs and connects them to 

the medial surface of the Levator ani muscle (LAM). Around the rectum, this 

smooth “levator hiatus muscle” (LHM) merges with and is part of the longitudinal 

smooth muscle layer of the rectum. The LHM remains present throughout life, 

expanding coincident with the increasing size of the pelvis and pelvic organs. We 

cannot exclude that some SMA-positive cells in the LHM are recruited from 

fibroblasts. Furthermore, more young adult specimens are needed to fully 

characterize the LHM.   

Conclusions: The connective tissue surrounding the pelvic organs in the levator 

hiatus contains many SMA-positive smooth-muscle cells. This smooth “levator 

hiatus muscle” forms, together with the striated muscles of the pelvic floor, an 

integral and probably essential component of the pelvic organ support system.  

 

 

 

 146



1. Introduction 

The pelvic floor plays a central role in continence and pelvic organ support [1]. 

While the striated muscles of the pelvic floor give active support, the fascial 

connective tissue of the pelvic floor is considered to provide the passive support 

that is necessary to counteract the effects of constant and intermittent elevations of 

intra-abdominal pressure [1].  

Several studies have demonstrated that the connective tissue of the adult 

pelvis contains smooth-muscle cells [2-7]. Smooth muscle has been demonstrated 

in the adult pubourethral, pubovesical and puboprostatic ligaments [4-6], the 

uterosacral ligaments [7] and the tendinous arch of the pelvic fascia [3;8]. 

Additionally, it has been suggested that the pelvic floor muscles of adults are 

composed in part of smooth muscle [9-11], and that the interface between the 

levator ani muscle and the pelvic organs contains smooth muscle. That a smooth 

so-called “rectourethralis” or “rectovaginalis” muscle exists in the male [12-16] and 

female [13] that is fused with the longitudinal muscle layer of the rectum has also 

been reported. Functionally, the smooth muscle cell-containing pelvic connective 

tissue may actively support the pelvic organs [3;4;7]. 

It should be noted that fibroblasts can acquire a smooth muscle-like 

phenotype and function. These fibroblasts are then said to differentiate into so-

called “myofibroblasts” [17;18]. Both genuine smooth muscle cells and 

myofibroblasts express α-smooth muscle actin (SMA). What was previously 

described as “smooth muscle” in the studies cited above might therefore in reality 

represent myofibroblasts. To prevent this confusion, we describe these cells in the 

“Results” section of our study by their expression pattern (e.g. “SMA-positive 

cells”).     

Previous studies [2;4-7;9;11] always associated SMA-positive cells (or cells 

with a smooth-muscle phenotype) with an anatomical structure, such as the 

uterosacral ligament [7]. Since the SMA-positive cells have been found in several 

different structures in the pelvis, the question arises whether the expression of SMA 

might be a general property of the connective tissue in the pelvic floor. Our main 

study goal therefore was to establish the origin and distribution of the SMA-

positive cells in connective tissue of the pelvic floor. To do so, we collected seven 

soft-tissue blocks from cadaver pelves of foetal, child and adult females and males. 
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Additionally, 34 biopsies were taken from female and male adult levator ani 

muscles to investigate SMA expression inside and surrounding this striated muscle. 

Samples were sectioned serially and stained immunohistochemically for muscle-

specific markers. Our study is the first to demonstrate wide-spread SMA expression 

in all connective tissue of the pelvic floor. 

 

2. Material and Methods 

2.1. Collection of pelvic organ blocks and tissue specimens  

Large transverse sections were prepared of the pelvic organs and surrounding 

tissue from individuals of different ages. Three complete foetal pelves (two females, 

12 and 18 weeks of gestation and one male, 12 weeks of gestation) were embedded 

and sectioned as described below. In addition, the pelvic organs (urethra, vagina, 

anterior rectal wall) and surrounding tissue of one infant (male, 7 years) and three 

adults (1 male, 77 years and 2 females, 54 and 86 years) were removed en bloc and 

embedded and cut as described below. The foetal pelves were fixed in 4% 

formaldehyde. The other specimens were fixed in a mixture of methanol, acetone 

and water (2:2:1).  

 

2.2. Collection of levator ani muscle (LAM) biopsies 

A total of 34 biopsies were taken from the LAM of 19 adult cadavers (8 females and 

11 males; age at death (74-91 yrs) was available for 8 of the 18 individuals). The 

specimens were obtained from donated cadavers used for education purposes at the 

Academic Medical Center of the University of Amsterdam and Leiden University 

Medical Center. These cadavers had been fixed in a formalin-based mixture. From 

each pelvis, a specimen was taken from the anterior and the posterior part of the 

LAM, with the exception of four female pelves. From these four only one specimen 

was collected. Biopsies were only taken if the superior fascia of the LAM had 

remained undamaged during prior anatomy dissections performed on the cadaver. 

Anterior specimens were taken laterally to the urethra/prostate/uterus. Posterior 

specimens were taken laterally to the rectum. Position of anterior and posterior 

biopsies is shown in Figure 4I.  

 

2.3. Processing of specimens 
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The specimens were embedded in paraplast and cut on a conventional microtome. 

The pelvic organ specimens were sectioned at 10 μm in the transverse plane. The 

LAM specimens were sectioned at 7 μm perpendicularly to the muscle fibre 

direction. 

 

2.4. (Immuno)histochemistry 

Immunohistochemical stainings were performed, using the alkaline phosphatase-

mediated detection method [19;20]. Sections were stained with antibodies directed 

against α-smooth muscle actin (SMA, monoclonal antibody, Sigma, A-2547; 

1:2,000) and smooth-muscle myosin-heavy chain type 2 (smMHC2, monoclonal 

antibody, AbCam, ab683; 1:1,000), which are proteins that are typically present in 

smooth muscle tissue and/or myofibroblasts, and with antibodies directed against 

striated-muscle myosin-heavy chain (Upstate, clone A4.1025; 1:1000), a protein 

typically present in striated-muscle tissue. As secondary antibody alkaline-

phosphatase-conjugated goat anti-mouse (1:100) was used. Sirius-red staining was 

used to visualize collagen in connective tissue. Haematoxylin-azophloxine was 

used as an overview staining. 

 

2.5. Three-dimensional reconstructions 

Digital images from the foetal serial sections were used to prepare three-

dimensional reconstructions with the Amira software package (v3.0, TGS Template 

Graphics Software, http://www.tgs.com) [19;20]. 

 

3. Results  

3.1. SMA expression in the pelvic connective tissue 

In the foetuses, SMA-positive cells were present in the pelvic connective tissue that 

is located on the medial surface of the LAM, where the pelvic organs 

(urethra/striated (external) urethral sphincter muscle and the rectum) transit 

through the most caudal part of the LAM (that is, the levator hiatus) (Figs. 1, 2). It 

should be noted that at 12 weeks of development (foetus in Figs. 1 and 2), the 

vagina still opens into its vestibule relatively close to the bladder neck [21]. For this 

reason, the vagina is not present at the level of the SMA-positive tissue in Figs 1 and 

2. This “levator hiatus muscle” (LHM) merges with and is part of the longitudinal 

 149



CHAPTER 7 - SMOOTH-MUSCLE ACTIN-EXPRESSION IN THE PELVIC CONNECTIVE TISSUE 

Figure 1. 

Figure 2. 

smooth muscle layer around the rectum (Fig. 2). The lateral side of the LHM is 

intimately connected to the LAM, while dorsal to the rectum, the LHM similarly 

extends into the median raphe that connects the LAM to the coccyx (Figs. 1, 2). The 

smooth-muscle tissue of the internal urethral sphincter, arteries, veins and 

intestine stain, as expected, also positive (Fig. 1), supporting the specificity of the 

staining procedure. However, the tendinous arch of the pelvic fascia, which is 

already identifiable in foetuses, does not contain SMA-positive cells at this stage  
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Fig. 1. Smooth-muscle actin and striated myosin heavy-chain expression in the pelvic floor of a 

female (A-F; 12 wks of gestation) and a male foetus (G-J; 12 wks of gestation) shown in transverse 

sections. Myosin heavy-chain expression is shown in the top row of images (A, C, G, I) and smooth-

muscle actin expression in consecutive sections in the bottom row (B, D, F, H, J). Panel E shows a 

section stained with haematoxylin-azophloxine. Panels A, B, G and H show sections through the 

caudal part of the levator ani muscle (LAM) and external anal sphincter muscle at the level where the 

organs transit through the most caudal part of the LAM (i.e., the levator hiatus). Note the smooth-

muscle actin-positive (SMA-positive) tissue (levator hiatus muscle (LHM), arrowheads in B and H) 

ventral and medial to the puborectalis part of the LAM. The smooth internal urethral sphincter 

muscle is also visible (panel D, H, J; grey arrows). Also note that these sections lie immediately 

caudal to the striated external urethral sphincter muscle (visible in panel C and G; black arrows). 

Sections C, D, I and J are located at the level of the median raphe of the LAM, which connects the 

LAM to the coccyx. Note the SMA-positive tissue in the median raphe (arrowheads in D and H). 

Sections E and F are located at the level of the pubic symphysis, just cranial to sections C/D. The red 

arrows illustrate the position of the tendinous arch of the pelvic fascia. Note that the tendinous arch 

does not express SMA in the foetus (F). Bar = 1 mm. Cx, Coccyx, EAS, external anal sphincter 

muscle; IR, inferior ramus of pubic bone; LAM, levator ani muscle; PS, pubic symphysis; R, rectum; 

U, urethra; V, vagina; Ve, vaginal vestibule.   

 

Fig. 2. Threedimensional reconstruction of the levator ani muscle and the SMA-positive levator 

hiatus muscle in a female foetus (12 wks of gestation) in cranial oblique view, without the urethra 

and vagina (A) and with the urethra and vagina shown solid (B) or transparent (C). The LAM is 

shown in red, the longitudinal smooth muscle layer of the rectum in bright yellow and the SMA-

positive cells of the levator hiatus muscle (LHM, grey arrowheads) in a darker yellow tint. The LHM 

surrounds the foetal vestibule and rectum, and is intimately connected to the medial surface of the 

LAM. Similarly, the SMA-positive cells are also present in the median raphe of the LAM that 

connects the LAM dorsally to the coccyx (black arrowheads). Note that the levator hiatus muscle 

merges with and is part of the longitudinal smooth muscle layer of the rectum (transition from dark 

to bright yellow). For orientation, the three bony attachments of the LAM to the pubic bone (Pb), 

ischial spine (Is) and coccyx (Cx) are illustrated. 

(Fig. 1E/F). Similarly to the foetuses, the specimens of the 7-year-old infant and the 

adults show a high expression of SMA in the connective tissue that fills the space 

between the striated muscles of the pelvic floor and the pelvic organs (Fig. 3). 

 

3.2. SMA expression in the fascia of the levator ani muscle (LAM) 

Thirteen of 22 male biopsies (59%) and 3 out of 12 female specimens (25%), that is, 

16 of all 34 biopsies (47%) contained SMA-positive cells (Fig. 4, table 1). Ten of the 

20 anterior specimens (50%) and 6 of the 14 posterior specimens (43%) contained 
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Figure 3. 

Figure 4. 



Fig. 3. Smooth-muscle actin (SMA) expression in the connective tissue of the pelvic floor of a male 

infant (A/B), a female adult (C/D) and a male adult (E/F). Panels in top row are stained for SMA (A, 

C, E) and panels in bottom row are stained for striated muscle myosin (B, D, F). SMA expression is 

visible in the infant (B) and adults (D and F) in the area that is not filled with striated muscle or 

epithelium (B, D, F). Bars are 5 mm. EUS, external urethral sphincter; IUS, internal urethral 

sphincter; LAM, levator ani muscle; R, rectum, U, urethra, V, vagina. 

 

Fig. 4. Biopsy specimens of the levator ani muscle (LAM), illustrating the variation in the density of 

SMA-positive cells in the connective tissue of the LAM. Panels A – D show sections stained for the 

presence of striated-muscle myosin-heavy chain. Panels E – H show consecutive sections to A – D, 

respectively, stained for SMA. Panel I shows the approximate position were anterior (A) and 

posterior (P) LAM biopsies were taken. Note the prevalence of SMA expression in the superior fascia 

of the LAM (panels F to H). Insets in panels E and F show a detail of the SMA-positive tissue in a 

consecutive section stained for smooth-muscle myosin-type 2. A, anterior biopsy position; CM, 

coccygeal muscle; IS, ischial spine; LAM, levator ani muscle; OIM, obturator internus muscle; P, 

posterior biopsy position; PM, piriformis muscle; PS, pubic symphysis; R, rectum; S, Sacrum; SF, 

superior fascia of the levator ani muscle; U, urethra; V, vagina. Bar = 1 mm. 

SMA-positive cells. Whenever SMA-positive cells were present, they were situated 

in the connective tissue fascia of the LAM. In most cases, the SMA-positive cells 

were situated in the superior connective-tissue fascia of the LAM, but in some 

cases, SMA-positive cells were also found in the intramuscular connective-tissue 

fascia (Fig. 4E). 

 

3.3. Smooth-muscle myosin heavy-chain type 2 (smMHC2) expression 

We could not demonstrate smMHC2 expression in any SMA-positive tissue in the 

foetal pelves. In the fascia of the adult LAM, smMHC2 expression was visible in 

several specimens (inset in Fig. 4E/F). The SMA-positive cells in the connective 

tissue surrounding the organs in the levator hiatus did, however, not stain with this 

specific smMHC2 antibody, but SMA-positive cells in the fascia of the LAM (and in 

blood vessels) did.  

 

4. Discussion 

Our study demonstrates that already in the foetus, at the level where the (long) 

foetal vestibule and rectum transit the LAM, the connective tissue between the 

pelvic organs and the LAM contains many SMA-positive cells. This fact 
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demonstrates that this tissue is, in addition to the striated pelvic-floor muscles, an 

integral component of the pelvic organ-support system. This component exists in 

the early foetus and remains present throughout life, expanding in a coordinated 

fashion with the increasing size of the pelvis and pelvic organs. Already in 1969, 

von Hayek alluded to this component when he stated that “the intervening, mostly 

unnoticed, smooth musculature should be of great importance for the support 

function of the pelvic connective tissue” [3]. Since then, “smooth muscle” tissue 

was repeatedly described as a functional component of the pelvic connective-tissue 

support system [2-7]. As far as we are aware, our study is the first to demonstrate 

that the expression of SMA is an integral property of the entire connective-tissue 

structure at the level of the levator hiatus in the pelvic floor. 

 

4.1. Development of SMA-positive cells in the pelvic floor connective tissue 

Around the rectum, the SMA-positive “levator hiatus muscle” of the foetus cannot 

be distinguished from the longitudinal smooth-muscle layer of the rectum. 

Presumably, this smooth-muscle complex arises as a single entity during normal 

embryonic development, coincident with the development of the smooth-muscle 

cells of the internal urethral sphincter, the blood vessels and the rectal wall.  

We have not yet been able to fully answer the question to what extent the 

SMA-positive cells found in the adult arise from pre-existing SMA-positive cells in 

the foetus (levator hiatus muscle) or are additionally recruited from fibroblasts. The 

smooth-muscle cells that are for example present in the tendinous arch of the fascia 

pelvis of adults [3;8] were not yet detectable in the corresponding foetal structure. 

The differentiation of fibroblasts into myofibroblasts and the expression of SMA 

can be induced by cytokines and matrix molecules, but also by mechanical stress 

[17;18]. The fibroblast-to-myofibroblast differentiation can increase the number of 

SMA-positive cells in the pelvis, because the connective-tissue cells of the pelvic 

floor are exposed continuously to mechanical stretch, due to intra-abdominal 

pressure, from infancy onwards. A portion of the SMA-positive tissue expresses 

myosin heavy-chain type 2, which allows the cells to actively contract. However, we 

were not yet able to show myosin expression in all SMA-positive cells of the pelvic 

floor. It is known that even individual SMA-positive cells may express one or more 
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myosin heavy-chain isoforms [22], leaving open the possibility that the SMA-

positive, smMHC2-negative cells express a different myosin heavy-chain isoform.   

Previous studies described a smooth muscle structure in the male [12;14-

16] that occupies the space surrounding the urethra, striated external urethral 

sphincter, the longitudinal smooth-muscle layer of the rectum and the bilateral 

levator ani slings [16]. This so-called “rectourethralis muscle” has a similar 

distribution as the “levator hiatus muscle” that we now describe in both male and 

female. More recently, the rectovaginals muscle was described as the counterpart of 

the rectourethralis muscle in the female [13]. In our opinion, both muscles are a 

singled-out portion of the SMA-expressing pelvic connective tissue that we found in 

the adult. This interpretation also explains why the different studies on the 

rectourethralis muscle reported quite diverging descriptions of the anatomy of this 

muscle [12-16]. 

That the longitudinal smooth-muscle layer of the rectum has a smooth 

muscle anchor to the LAM has been previously described in anatomical  and 

embryological studies [23-25] and has also been illustrated in anatomical atlases 

(e.g. [26]). Our study demonstrates however that the smooth muscle is not 

restricted to the rectum but that it also supports the urethra and vagina. 

 

4.2. Function of the SMA-positive tissue in the pelvic connective tissue 

Stretch is an important stimulus to induce smooth-muscle activation [27]. 

Increases in intra-abdominal pressure are therefore a likely cause of smooth muscle 

cell contraction. Interestingly, a study on estrogen and progesterone receptors in 

the uterosacral ligament demonstrated that these receptors are only found in the 

nuclei of the SMA-positive cells of this ligament [28]. Estrogens facilitate smooth 

muscle cell contraction, whereas progestogens promote their relaxation, at least in 

the uterus [29], whereas estrogens, progestogens, and androgens induce relaxation 

of vascular smooth muscle cells [30]. These data suggest that, particularly in 

females, the functionality of the smooth-muscle component of the pelvic floor 

changes in relation to the ovarian cycle and age of the patient. In this respect it may 

also be of importance that a rectovaginalis muscle was not described as a structural 

entity in (histological sections of) the adult female pelvis [16].  
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4.3. SMA-positive cells in the levator ani muscle 

Only a few studies describe “smooth muscle” components in the human levator ani 

muscle. A distinctive “smooth muscle” layer was described on the superior surface 

of the medial part of the LAM, which tapered off laterally into isolated bundles of 

smooth muscle cells [9]. In neonatal specimens, this smooth-muscle layer was not 

yet identifiable [9]. This description fits with our description of the levator hiatus 

muscle, except that we already identified this structure in the foetus. The LAM 

biopsies that were investigated in our study were taken more laterally, in the area 

where only SMA-positive strands were found previously [9]. Another study 

reported varying amounts of “smooth muscle” in the posterior part of the 

pubococcygeus muscle of women who did or did not suffer from stress urinary 

incontinence, without apparent differences between both groups [11]. We also 

found varying amounts of SMA-positive tissue in our LAM biopsies, but SMA-

positive tissue was equally present in the anterior and posterior specimens. 

Our study clearly shows that the high density of SMA-positive cells is a 

feature of the connective tissue that fills the levator hiatus rather than of the LAM 

itself. This characteristic aspect of the pelvic smooth muscle compartment was thus 

far not described. Recent studies have, however, demonstrated smooth-muscle 

cells in the medial part of the fascia of the pelvic floor of adult males [10] and in the 

fascia connecting the external urethral sphincter to the LAM [2], which underscores 

our findings.  

 

5. Conclusion 

The connective tissue surrounding the pelvic organs in the levator hiatus contains 

many SMA-positive smooth muscle cells. This “levator hiatus muscle” forms, 

together with the striated muscles of the pelvic floor, an integral and probably 

essential component of the pelvic organ support system.  
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