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Abstract 

Objectives: The contributions of the pudendal and levator ani nerves to the 

innervation of the levator ani muscle (LAM) are disputed. Because of the relatively 

large size of the nerves in early life, we investigated this issue in human fetuses. 

Methods: (Immuno)histochemically stained serial sections of nine human fetuses (9 

to 22 weeks of gestation) were investigated. Both the left and right sides of the fetal 

pelves were studied individually and 3D reconstructions were prepared. 

Results: The levator ani nerve innervated the LAM in every pelvis, whereas a 

contribution of the pudendal nerve to the innervation of the LAM could be 

demonstrated in only ten pelvic halves (56%). In ten halves, we observed a 

communicating nerve branch between the pudendal and levator ani nerves that 

pierces the pelvic floor between the LAM and the coccygeus muscle. No sex 

differences were observed, but the innervation pattern did differ between the left 

and right side of a pelvis. 

Conclusions: The LAM often has a dual somatic innervation with the levator ani nerve 

as its constant and main neuronal supply.  
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1. Introduction 

The innervation of the pelvic floor muscles still remains incompletely understood. 

Until several years ago, most studies, anatomical atlases, and textbooks stated that 

the pudendal nerve, which runs inferior to the pelvic floor muscles (coccygeus and 

levator ani), was the sole nerve that innervated the levator ani muscles (LAM). We 

[1;2] and others [3] have recently described that the levator ani nerve (LAN) and its 

branches arise directly from the sacral plexus, course on the superior side of the 

coccygeus muscle and innervate the LAM directly from its superior surface. Both 

the levator ani and pudendal nerves are somatic nerves [4]. Our previous studies 

did not address the question whether the LAN was the sole nerve innervating the 

LAM or whether these important muscles could have a dual innervation.  

The pudendal nerve (PN) divides, after separating from the sacral plexus, 

into the inferior rectal nerve, which innervates the external anal sphincter muscle 

and the perineal skin, the perineal nerve, which innervates the external anal 

sphincter and perineal muscles, and the dorsal nerve of the clitoris/penis [5;6]. 

Several cadaver studies have reported contributions of branches of the PN to the 

innervation of the LAM [6-8], but others have failed to confirm these data [3;9]. In 

addition, variations of the innervation pattern by the PN have also been reported 

[6;10;11] .  

To address the question of the innervation of the LAM in a more 

comprehensive way, we investigated the topographic anatomy of the pelvis in 

(immuno)histochemically stained human fetuses. A study of serially sectioned 

human fetuses has several important advantages over conventional cadaver 

dissections. Nerves are relatively large in fetuses and can all be easily identified by 

their characteristic architectural features. Furthermore, the pelvic connective tissue 

is still less elaborate compared to adults. Finally, the topographic relationships of 

the different tissues remain undisturbed in histological sections [12].  

In this study, we did confirm that the LAN is the principal nerve that 

supplies the LAM. The contribution of the PN to the innervation of the LAM is 

individually variable and can, in addition, differ between the left and right side of 

the same pelvis. A communicating nerve branch which transits the pelvic floor 

between the coccygeus and LAM muscles and connects the LAN and PN, was found 

in 50-60% of the pelvic halves studied.  
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2. Material and Methods 

Nine serially sectioned human fetal pelves from fetal collections in the departments 

of Anatomy & Embryology, Leiden University Medical Center and Academic 

Medical Center, Amsterdam were studied. Fetuses were obtained with informed 

consent after legal abortion or miscarriage. Table 1 provides an overview of the 

fetuses studied. The age of the fetuses (5 females, 4 males) ranged from 9 weeks to 

22 weeks of gestation. Age was determined from crown-rump lengths using data 

from previous studies [13;14]. The transverse sections (10μm) were stained with 

haematoxylin/azophloxin or eosin, or with azan. One female fetal pelvis (14 weeks 

of gestation, fetus 4, Table 1) was additionally stained immunohistochemically 

using an alkaline-phosphatase detection method as described elsewhere [15]. 

Sections were stained for the presence of striated muscle tissue, using a 

monoclonal antibody directed against myosin heavy chains (1:1000, Upstate, clone 

A4.1025) and for the presence of nerve tissue, using a polyclonal antibody directed 

against the 68-kD neurofilament protein (1:600, Chemicon, AB1983).  

Serial images of sections from different human fetuses were recorded 

using a digital camera with a resolution of 2048 x 1536 pixels. The images were 

acquired at a constant distance ranging from 50 to 80 μm depending on the age of 

the fetus. The levator ani muscle (LAM), the levator ani (LAN) and the pudendal 

nerves (PN) were identified and marked individually in the images. Putative nerve 

branches approaching the LAM were studied microscopically at high 

magnification. This allowed us to distinguish between genuine neuronal tissue, 

blood vessels, other non-neuronal structures and artifacts. Three-dimensional 

reconstructions of representative fetal pelves were prepared using the Amira 

software package (version 4.0, Template Graphics Software, 

http://www.tgs.com)[16].  

Since differences between the left and right halves of the pelves were 

observed, a statistical agreement test (Kappa) was performed on the investigated 

anatomical features (Table 1) to determine whether the two halves could be 

considered as separate entities. All pelves had individual LANs and PNs bilaterally. 

Apart from these main features, the highest agreement score among the "branching 

features" was found for ‘Contribution of pudendal nerve to LAM innervation’ 



 93

(Kappa = 0.57 ± 0.27 (SEM); KappaBmax B = 1.00). This agreement between the two 

halves was, therefore, only moderate. This fact enabled us to investigate the two 

sides separately. Fisher’s Exact Test was used to test for sex differences amongst the 

anatomical features. 

 

3. Results 

The LAN and PN were identifiable in all fetuses and on both sides of the pelvis. The 

LAN innervated the LAM in all fetuses (Table 1) and always ran on the superior 

surface of the coccygeus muscle towards the LAM (Figs. 1, 2, 4, and see 

Table 1. Anatomical results of the studied fetuses. 

Fetus 

Sex 

A
ge  (w

eeks of 

gestation
) 

Side 

LA
N

 con
tribution

 to 

LA
M

 in
n

ervation
 

PN
 con

tribution
 to 

LA
M

 in
n

ervation
 

C
om

m
un

icatin
g 

bran
ch

 LA
N

 an
d PN

 

IR
N

 in
depen

den
t of 

PN
 

L + - - - 
1 F 9 

R + - + - 

L + + + - 
2 F 10 

R + + - - 

L + - - - 
3 F 14 

R + + - - 

L + - + - 
4 F 14 

R + - + - 

L + + + - 
5 F 16 

R + + + - 

L + + - + 
6 M 10 

R + + + - 

L + - - + 
7 M 11 

R + + - + 

L + - + - 
8 M 12 

R + - - - 

L + + + - 
9 M 14.5 

R + + + - 

+, yes; -, no; IRN, inferior rectal nerve, L, left; LAM, levator ani muscle;  

LAN, levator ani nerve; PN, pudendal nerve R, right. 
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Fig. 1. Three-dimensional reconstruction of the nerve supply of the LAM in a 10 weeks-old male 

fetus (#6 in Table 1), showing the sacral plexus (S1-S4, dark green), the levator ani nerve (LAN, 

yellow), the pudendal nerve (PN, light green), the levator ani muscle (LAM, red) and the external 

anal sphincter (EAS, orange). A. Medial view. Note that the LAN innervates the LAM on its superior 

surface. B. Lateral view. Note the branch of the PN innervating the LAM (white arrows). The 

branches of the inferior rectal nerve (IRN, black arrows) innervate the EAS. The dorsal nerve to the 

penis (DN) and perineal nerve (PEN) are also shown. Bar = 1 mm. C. Magnification of inset in A. 

 

Fig. 2. The levator ani and pudendal nerve in a transverse section of fetus #6 (male, 10 weeks of 

gestation). A. Transverse section (stained with hematoxylin-azophloxin), showing the LAN, the 

LAM, the coccygeus muscle and the PN. On the right side, note the branch (white arrowheads) 

coursing from the PN (black arrows) towards the LAM, innervating it on its inferior surface. A 

similar branch from the PN is also visible on the left side (white arrowhead). Branches of the LAN 

approach the LAM on its superior side. The communicating branch of the LAN and PN (black 

arrowhead) is visible between the LAM and the coccygeus muscle. On the left side, the inferior rectal 

nerve (IRN) is visible separate from the rest of the pudendal nerve (PN, black arrows). This IRN had 

an independent origin from the sacral plexus. Additionally, the pelvic autonomic nerves are visible 

dorsolateral to the rectum (asterisks). The dorsal nerve to the penis is visible laterally to the LAM 

(grey arrows). The level of this transverse section is shown in the reconstruction. Bar = 0.5 mm. B. 

Digital image showing the communicating branch between the LAN and the PN. This image 

represents an oblique slice through a stack of 102 consecutive sections. CM, coccygeus muscle; IRN, 

inferior rectal nerve; LAM, levator ani muscle; LAN, levator ani nerve; R, rectum. 
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supplementary file for interactive 3D reconstruction of the pelvis of fetus 6). Often, 

the main branch of the nerve would penetrate the LAM close to the ischial spine 

(ischiococcygeus muscle) to continue intramuscularly towards the puboccygeus/ 

puborectalis portion of the LAM. If this was not the case, the LAN ran on the 

superior surface of the LAM towards its more caudal parts. 

At the level of the ischial spine, the PN has already separated from the 

sacral plexus and the sciatic nerve. From there it runs in a ventral and caudal 

direction inferior to the LAM while dividing into an inferior rectal nerve, a perineal 

nerve and a dorsal nerve to the clitoris/ penis. In ten (56 %) of the hemipelves, one 

or more branches of the PN innervated the LAM from the inferior surface (Figs. 1, 2, 

Table 1, Supplementary file 1).  

In ten (56 %) hemipelves, an anatomical variant was found in which a 

‘communicating’ branch between the LAN and the PN was present. This branch 

diverged from the LAN, while coursing on the superior surface of the coccygeus 

muscle, penetrated the pelvic floor between the LAM and coccygeus muscles, just 

caudal to the lateral attachment of these muscles to the ischial spine, and coursed 

caudally to connect to the main PN (Figs. 1, 2, Table 1, Supplementary file 1).  

In three (17 %) hemipelves, the inferior rectal nerve did not branch off 

from the PN, but came directly off from the sacral plexus (Fig. 2, Supplementary file 

1). Such a ‘variant’ inferior rectal nerve was always found running inferior to the 

coccygeus muscle. In all hemipelves, the inferior rectal nerve approached the 

external anal sphincter muscle and the puborectalis muscle from the external 

margins of both muscles (Fig. 3). Since both muscles are so intimately related in 

this area, a separate contribution from the inferior rectal nerve to the LAM is 

indistinguishable. 

Statistical analyses revealed no difference between male and female pelves 

with respect to the anatomical features investigated (Table 1). The innervation 

patterns differed, however, strongly between the left and right halves of a pelvis 

(Table 1). In fetus 6, for example, the inferior rectal nerve originated independently 

of the PN from the sacral plexus on one side, whereas on the other side it branched 

off from the PN (Fig. 2, Supplementary file 1). Left-right asymmetry in two fetuses 

was observed in the contribution of the PN branches to the innervation of the LAM . 

 



CHAPTER 4 - LEVATOR ANI NERVE AND PUDENDAL NERVE IN LEVATOR ANI MUSCLES INNERVATION 

 96

Fig. 3. The inferior rectal nerve approaching the external anal sphincter muscle and the puborectalis 

portion of the LAM in between these two muscles (fetus #4 in table 1; female, 14 wks of gestation). 

A. Section stained immunohistochemically for striated muscle. Note the margin of the two muscles 

(arrowheads). B. Consecutive serial section stained immunohistochemically for nervous tissue. The 

inferior rectal nerve is indicated by arrows. Bar = 1 mm. EAS, external anal sphincter muscle; LAM, 

levator ani muscle; R, rectum; V, vaginal vestibule.  

Fig. 4. Schematic drawing of the pelvic floor, containing the pelvic floor muscles, the levator ani 

nerve (LAN, light green) and the pudendal nerves (PN, dark green). Nerve branches that are situated 

caudal to the pelvic floor are represented in dotted line. Note the communicating branch between 

the LAN and the PN medial to the ischial spine. C, coccyx; CM, coccygeus muscle; IS, ischial spine; 

LAM, levator ani muscle; OIM, obturator internus muscle; PM, piriformis muscle; PS, pubic 

symphysis; R, rectum; S, sacrum; U, uterus; V, vagina. 
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4. Discussion 

Controversy continues to exist about the innervation of the LAM as observed in 

several dissection studies [3;6-8], so that a proper understanding of this important 

fact is urgently needed. Our earlier success in using human fetal material to 

unambiguously establish the contribution of the LAN to the innervation of the LAM 

[1;2] prompted us to use this approach to settle the issue. Our results now provide 

strong evidence that the LAM does indeed have a dual somatic innervation in many 

individuals. The LAN innervated the LAM in all (hemi-)pelves studied, whereas the 

PN contributed to the innervation of the LAM in 50-60% of hemipelves. In addition, 

the branch of the inferior rectal nerve of the PN that approaches the external anal  

sphincter and puborectalis muscles from laterally, presumably also contributes 

some additional innervation to the LAM.  

The use of serial sections of human fetuses instead of conventional 

cadaver dissections allowed us to unambiguously identify nerve branches. This is 

especially important in the pelvis with its high density of connective tissue, 

complex anatomy and difficult access inside the bony pelvis. Because of the 

relatively small number of available specimens (9 fetuses), we did not attempt to 

classify the innervation patterns to the individual muscle units (iliococcygeus, 

pubococcygeus and puborectalis muscles). Despite the small sample size, we could 

establish the underlying branching pattern.  

The finding of a communicating nerve branch between the LAN and the 

PN in more than half of the hemipelves indicates that the sacral plexus has variants 

in 50-60% of individuals, which forms plexiform connections as far distally as the 

ventral boundary of the coccygeus muscles. Anatomical variants between nerve 

branches and surrounding muscles also exist elsewhere. The sciatic nerve, for 

example, normally passes caudal of the piriformis muscle, but variants exist in 

which the nerve is split into two trunks, one trunk piercing the piriformis muscle 

and the other coursing in the normal position caudal of the muscle [17].  

 Communicating nerve branches, also between somatic and autonomic 

nerves have been described in earlier studies [18;19]. Yucel and Baskin proposed 

that the branches form a redundant or auxillary pathway between the two systems 

[18]. This could also be the case with the levator ani and pudendal nerves.   
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From an evolutionary point of view, the pelvic floor muscles of non-

human vertebrates function as tail muscles, running from the bony pelvis to the 

base of the tail and thereby having a very different function than in humans. 

Anatomical studies in primates [20-22] and rats [23] have shown that the animal 

homologues to the levator ani muscles are innervated by direct branches from the 

sacral plexus while the external anal sphincter is innervated by the pudendal nerve. 

This was further functionally investigated using neurectomy in rats [23] and 

squirrel monkeys [20]. In humans the levator ani and external anal sphincter 

muscle have a much closer topographical relationship than in mammals possessing 

a tail. This closeness might have induced an occasional contribution of the 

pudendal nerve to the levator ani innervation. During development neurons form 

topographically ordered maps of synaptic connections on their muscular targets. 

This relationship is also evident at the intermuscular level. Successively more 

caudal muscles are innervated by sussessively more caudal sets of motorneurons 

[24]. The other way around it can be deduced that the closer the topographical 

relationship between two muscles, the bigger the chance of a common innervation.      

Insight in the innervation of the LAM and the contribution of the PN are of 

importance for physiotherapy, electrical stimulation and biofeedback exercises of 

the pelvic floor. In a recent study [25], the bulbospongiosus muscle, one of the 

“superficial” muscles of the pelvic floor, was shown to contract prior to the “deep” 

levator ani muscles in continent women upon maximum voluntary contraction, 

whereas this pattern was not found in incontinent women. This finding is 

compatible with the reported difference in the innervation pattern of the superficial 

(PN) and the deep pelvic floor muscles (LAN + PN). Accounts of a possible 

denervation injury of the LAM due to parturition are limited but in a recent study 

25% of primiparous women, who did not have a pathologic LAM as determined by 

electromyography antepartum, did develop a neuropathic injury within 6 months 

after delivery [26]. From these and our anatomical findings, it is evident that 

investigations of the integrity of LAN and the function of the LAM in patients with 

urinary and/or fecal continence problems and/or pelvic organ prolapse are urgently 

needed. Although incontinence has a multifactorial aetiology, attention to LAN 

denervation is an aspect that was not focused on previously. 
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While vaginal delivery could conceivably damage both the levator ani and 

pudendal nerves, pelvic surgical [27] and reconstructive procedures as well as wide 

field or high dosage radiotherapy [28] can also damage the levator ani nerves, 

which are situated superior to the pelvic floor and thereby risk damage or injury 

directly during surgery  or from delayed effects from fibrosis or tissue anoxemia. 

Both nerves could be simultaneously affected if a therapeutic approach involves the 

perineum as well.  

In the past attention to post-therapy quality of life issues for patients was 

minimal and sometimes the consequences of therapy used have not resulted in 

desired improvements from the patient's point of view. A correct knowledge of the 

innervation of the pelvic floor muscles is, therefore, of great importance to 

urologists, obstetricians, gynecologists and other pelvic therapists. They should be 

aware that both the levator ani nerves and the pudendal nerves contribute to the 

innervation of the pelvic floor. To a certain extent, these contributions vary 

individually, but the LAN is the primary contributor of the LAM innervation. A 

proper understanding of the basic functional anatomy of this region is certainly a 

primary prerequisite to improve the results of intervention therapies.  

 

5. Conclusions 

The LAM has a dual somatic innervation but the contribution of the LAN to the 

innervation of the LAM is greater than that of the PN. The contributions from the 

PN are variable both in individuals and between both sides of the same pelvis. 

Furthermore, a communicating branch between the LAN and the PN was found in 

56% of the specimens. 
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