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Abstract 

 

Injuries to uterine nerves result in loss of fundocervical polarity, uterotubal dysmotility and retrograde 

menstruation.  Ectopic endometrium, delivered by retrograde menstruation, adheres to concurrent injuries 

to myofascial supports and peritoneal surfaces in dependent areas of the pelvis.  Varying laparoscopic 

appearances depend on the site, nature, extent, and timing of tissue injury as well as the concurrent 

availability of endometrium.  Asymmetry of uterosacral ligaments with little, or no, ectopic endometrium 

(stage 0-1, revised AFS) often follows intrapartum injuries, whereas symmetrical hypertrophy of the 

uterosacral ligaments with large volumes of ectopic endometrium (stage 3-4, revised AFS) often follows 

prolonged straining during defecation that is common in nulliparous presentations of endometriosis.  

Tissue repair that includes aberrant reinnervation in the uterine isthmus, cervix, vagina and uterosacral 

ligaments, contributes to classical symptoms of chronic pelvic pain, dysmenorrhea, dyspareunia and 

subfertility some time after the primary injuries.   
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Clinical presentations of endometriosis are often disproportionate to findings at laparoscopy.  These, and 

other paradoxical observations, raise the recurrent question as to whether endometriosis is a cause or 

consequence of chronic pelvic pain.1  This account takes the view that pelvic deposits of endometrium are 

largely a consequence of prior injuries to pelvic autonomic nerves, myofascial supports and peritoneal 

surfaces. 2 

 

Injuries to pelvic autonomic nerves result from difficult vaginal delivery, straining during defecation, and 

trauma including surgery (Fig. 1).3  The first response of injured autonomic nerves is to become 

metabolically active and re-grow in a chaotic fashion from the proximal stump to attempt to restore lost 

functions.4  Aberrant reinnervation leads to progressive increases in nerve fiber density and eventually, over 

several years, to  “pain or discomfort in response to light touch” (allodynia).  Injuries to uterine nerves also 

cause retrograde menstruation, loss of fundocervical polarity and uterotubal dysmotility.5, 6  Ectopic 

endometrium, if it is available at the time of the injury, attaches to injured myofascial supports and 

peritoneal surfaces.  Painful clinical symptoms, including chronic pelvic pain, dysmenorrhea, dyspareunia 

and subfertility, result from subsequent, aberrant reinnervation of the uterine isthmus, cervix, upper vagina, 

uterosacral ligaments, peritoneal surfaces and deposits of endometrium.2 

 

Evidence to support each step in this argument has become available in recent years and asserts the 

significance of underlying injuries to pelvic nerves over the effects of deposits of ectopic endometrium.  

Clinical research confirms that surgical destruction of ectopic endometrium carries little clinical benefit, 

and, patients with chronic pelvic pain with, or without, endometriosis improve with GnRH analogues and 

demonstrate similar, high densities of abnormal reinnervation.7-9   By necessity this account cannot deal with 

every facet of endometriosis but it does set out a clinical framework of pelvic autonomic denervation and 

reinnervation whose consequences may contribute to many different gynecologic presentations.10 
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Contemporary theories of endometriosis and chronic pelvic pain 

 

Dr John Sampson (Albany, NY) proposed retrograde menstruation as the mechanism for pelvic 

endometriosis.11-14  Coelomic metaplasia, lymphovascular metastasis and immunogenetic theories, have not 

displaced Sampson’s original observations.  There has, however, been no satisfactory explanation of 

retrograde menstruation, nor the different laparoscopic appearances of pelvic endometriosis, and, the 

sources of different clinical symptoms.   Empiric, clinical observations have not clarified the cause of 

endometriosis with, or without, chronic pelvic pain; indeed, they continue to create complexity and 

confusion.  The original observations of Dr Howard Taylor15-17 (New York, NY), Drs Willard Allen and 

Howard Masters18-19 (St Louis, MO), Dr KE Krantz20 (New York, NY) in the 1950’s, and, Dr AC 

Richardson 21-22 in more recent times, provide the basis for much of the present view and merit re-

examination in this new framework. 

 

In an address to the Tuskegee Medical Society in 1957, Dr HC Taylor 17 said, with considerable insight, that; 

“two processes seem to be operative in the production of these symptoms (pelvic pain), namely 
a hyperalgesia or hypersensitivity of the tissues and a vascular disorder in the form of a 
hyperaemia or pelvic congestion.” 
 

Also, in the pre-laparoscopy era, Drs Allen and Masters drew attention to clinical presentations of chronic 

pelvic pain with myofascial  “defects”  after difficult labors, that resulted in a  “universal joint cervix”,  and, 

additional myofascial defects at laparotomy (Allen-Masters syndrome).18  Besides the original form of 

vaginal “defects” it is now clear that the consequences of vaginal delivery include levator, uterosacral and 

neurologic defects2.  Allen and Masters originally attempted primary, surgical repair of fascial and peritoneal 

defects at laparotomy18 though this later gave way to hysterectomy in the treatment of these clinical 

presentations of chronic pelvic pain.19  In this second paper, Dr Allen took the view that premature 
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maternal voluntary efforts and minor malpresentations in labour may be sources of significant maternal 

injury.  

 

In more recent times, Dr AC Richardson (Atlanta, GA) defined the primary axis of pelvic support as the 

line of the uterosacral ligaments, rectovaginal septum and perineal body, underpinned by the levator ani.21, 22  

Unilateral, or bilateral, vaginal defects contribute to uterovaginal prolapse and urinary stress incontinence.22  

Injuries to the levator ani (“levator defects”) also contribute to loss of uterovaginal support, and, frequently 

occur in women with chronic pelvic pain (Fig. 2).23  Avulsion, attenuation and asymmetry of uterosacral and 

cardinal ligaments (“uterosacral defects”) have received less attention though concomitant injuries to their 

central neurovascular bundles and subsequent, aberrant  reinnervation may contribute to some patterns of 

chronic pelvic pain (Fig. 3-4).2  Laparoscopic evaluation of chronic pelvic pain traditionally relies on 

demonstrating the presence of adhesions, endometriosis or signs of infection.  In many cases the cause for 

pain is not immediately apparent though few clinicians ascribe significance to these (sometimes subtle) 

uterosacral injuries (Fig. 3e & 3f), nor the disruption of their insertions into the rectovaginal septum in 

cases of “deep infiltrating endometriosis”.2   

 

In 1841, Dr Robert Lee (London, UK) described the pelvic autonomic nerves in fresh, postpartum cadavers 

preserved in alcohol (Fig 1).24  His series of careful dissections and detailed illustrations, confirmed in other 

species, are an important landmark in the specialty.  Many, post-1945 medical schools preserved cadaveric 

material in formalin that destroys fine branches of autonomic nerves with the consequence that several 

generations of medical graduates have been unfamiliar with their precise anatomic detail.25  Nerve trunks 

from the inferior hypogastric plexus converge on the uterovaginal plexus at the vaginal vault before 

accompanying the uterine artery to the uterine isthmus.  Proximal branches of the inferior hypogastric 

plexus deliver important uterine nerves along the central neurovascular bundle of the uterosacral 
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ligaments.26  Dr KE Krantz (Kansas City, KS) described the original features of intrinsic uterine innervation 

by identifying important nerve plexi in the subserosal layers, and, at the endometrial-myometrial interface 

(Fig 4a).20  Aberrant reinnervation in structures at, and around, the junction of the uterus and vagina, have 

been described by a number of groups in recent years in women with chronic pelvic pain with, or without, 

endometriosis (Fig 4b-e).27-35  Affected structures include the isthmus of the uterus, uterine cervix, upper 

vagina, uterosacral ligaments, retroperitoneum and deposits of ectopic endometrium. 

 

Causes of pelvic denervation 

 

In 1957 Professor Sir Dugald Baird expressed his view about the relationship between intrapartum events 

and subsequent gynecologic presentations:36 

“the great majority of ailments encountered in gynaecological practice are the result of 
infections and injuries contracted during parturition.”   

 

Relationships between difficult intrapartum episodes and subsequent injuries to the levator ani with 

prolonged, pudendal nerve terminal latencies have been clearly established in prospective studies over five 

years.37   Recent magnetic resonance imaging in women with chronic pelvic pain describe different degrees 

of  “levator defects”  depending on avulsion (a) from its pubic origins, (b) from its muscular origins over 

obturator internus, and, (c) from its somatic nerve supply (Fig. 2a-d).23  Women with chronic pelvic pain 

frequently demonstrate partial or complete avulsion of the levator ani from its muscular origin over 

obturator internus.23 

 

The pelvic autonomic nerve trunks lie medial to the levator ani.  Any injury to the levator ani may occur 

with concurrent injuries to these pelvic autonomic nerve trunks.  Asymmetric patterns of reinnervation in 

the uterine isthmus and cervix, including collateral sprouting of nerve bundles, are pathognomonic for a 
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traumatic etiology and are frequent following hysterectomy for chronic pelvic pain with, or without, 

endometriosis (Fig. 4c).28  Preliminary results of prospective longitudinal studies of 2240 nulliparous women 

over four years from a birth cohort delivered in 1992  confirm relationships between difficult intrapartum 

episodes and subsequent, painful, gynecologic symptoms.38  “Difficult”  intrapartum episodes included 

those associated with induction of labor, prolonged labor (an active phase lasting more than twelve hours), 

prolonged maternal efforts in the second stage of labor (greater than two hours), operative vaginal delivery, 

malpresentations, and, fetal weight greater than 4000 grams.   

 

Other important causes of uterine denervation include straining during defecation.35   Straining during 

defecation is epidemic in Western societies.39  Three per thousand adults have stool frequencies of less than 

one per month, one per cent less than once per week with physical efforts complicating 20-30% of Western 

bowel movements.  There are few studies of persistent straining during defecation owing to the ambiguity 

of the term “constipation” that has different and varied meanings in different studies.40  It may mean hard, 

small or infrequent stools that are difficult to deliver.  Persistent straining during defecation, or, in the 

second stage of labor, cause specific neuro-immunohistochemical lesions across the pelvis from the uterus 

to the vulva.35  Widespread, perivascular nerve fiber proliferation (PVNFP) presents with premenstrual pain 

from affected sites along the lower genital tract (Fig 4d).  In nulliparous women, chronic pelvic pain, with 

advanced endometriosis, frequently results from straining during defecation that results in perivascular 

nerve fiber proliferation in the uterus.28, 35  Painful symptoms may originate at different anatomic sites in the 

bladder, vulva, vagina or uterus, through increased blood flow and vasodilatation through allodynic or 

hyperalgesic mechanisms as the distension of blood vessels applies direct mechanical stimuli to layers of 

abnormal nerves (Fig. 4d).   These observations provide biological explanations for Dr HC Taylor’s 

prescient observations over fifty years ago (Fig. 4d).15-17 
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Consequences of pelvic denervation 

 

Physiological studies of autonomic denervation emphasise the development of “supersensitivity” following 

injury to an autonomic nerve with accompanying changes in the central nervous system (“central 

sensitisation”).41  Aberrant reinnervation in a different pelvic organs results in chronic pelvic pain, 

dyspareunia, irritative bladder and irritable bowel symptoms. 27-34, 42-44   Epidemiological studies of women 

with chronic pelvic pain with, or without endometriosis,  confirm high rates of coexistent painful or 

irritative symptoms in anatomically-adjacent organs.45-46  Recurrent pain occurs within five years  in 10-50% 

of patients following hysterectomy for chronic pelvic pain owing to “sensitisation” of the central nervous 

system.47-48   

 

Injuries to autonomic nerves may also cause loss of visceral function, tissue hypoplasia or hyperplasia, 

visceral dysmotility, and, susceptibility to infection, stress, tobacco, and, alcohol (Table 1).  Each has clinical 

associations with endometriosis.  Dynamic ultrasound and magnetic resonance imaging show evidence of 

dyspolar uterine activity, including hyperperistalsis and dysperistalsis, in both nulliparous and multiparous 

women with endometriosis and adenomyosis.5, 6   Pre-pregnancy neural injuries may contribute to 

suboptimal reproductive outcomes including preeclampsia, preterm labour and antepartum hemorrhage 

may relate to these injuries.53  Pelvic endometriosis frequently coexists with different forms of uterine 

hyperplasia in adenomyosis and leiomyomas.56  Recent studies confirm loss of nerves at the endometrial-

myometrial interface in some forms of adenomyosis, and, loss of nerves in the myometrium in many 

leiomyomas (Fig 4f).49-52  Denervation of epithelial surfaces changes the spectrum of susceptibility to 

infection from Gram positive organisms to Gram negative and opportunist organisms54 and may contribute 

to increased rates of vulvovaginal infection in endometriosis.55   
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Different laparoscopic appearances result from the site, nature, frequency and extent of the tissue injury 

together with the concurrent availability of endometrium (Fig. 3a-f).2  For example, in young, nulliparous 

women, recurrent injuries caused by daily straining during defecation, result in symmetric, hypertrophic 

uterosacral ligaments with fusion of rectum to vagina, and in some cases, large volumes of endometriosis 

adhering to injured peritoneal surfaces (revised AFS Stage 3-4).2  Sporadic injury following difficult vaginal 

delivery results in retrograde menstruation in association with avulsion or attenuation of myofascial 

supports.  Retrograde menstruation may be limited, or absent, if breast-feeding or contraception prevents 

menstruation during repair of the intrapartum injury leading to little, or no, ectopic endometrium at 

laparoscopy (revised AFS, Stage 0-1).  Other laparoscopic phenotypes, including “deep infiltrating 

endometriosis”, may result from a number of circumstances (Table 2).  Injuries to the cervix, vagina and 

abdominal wall may contribute to deposition of ectopic endometrium in cases of cervical endometriosis, 

endometriosis in episiotomy and Cesarean section scars.   For each clinical phenotype, it is often possible to 

identify a clear history of tissue injury and repair involving processes affecting pelvic nerves and myofascial 

supports.  

 

Chronic pelvic pain, without endometriosis, demonstrates similar treatment responses with GnRH 

agonists6, and, similar neuro-immunohistochemical findings7 to matched groups of patients with 

endometriosis.  These studies find no apparent differences between women with chronic pelvic pain with, 

or without, endometriosis suggesting that endometriosis plays a limited role in many clinical presentations.  

Aberrant reinnervation of deposits of ectopic endometrium occurs to some degree though the density of 

reinnervation is minor compared to adjacent reinnervation in the uterine isthmus, uterine cervix, vagina and 

uterosacral ligaments.33  Pain during, and after, menstruation may result from peritoneal irritation by 

menstrual loss, and,  amplified by aberrant reinnervation of peritoneal surfaces and endometrial deposits. 
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Conclusion 

 

Anatomic consequences of vaginal delivery include vaginal, levator, uterosacral and neurologic defects.   

Drs W Allen and WH Masters described many of the macroscopic injuries in 1955;  Dr HC Taylor inferred 

the neurologic injuries on clinical grounds alone in 1954.  In contemporary clinical practice the laparoscopic 

appearances of the anatomic injuries associated with vaginal delivery are the opposite of those associated 

with, often nulliparous, efforts of straining during defecation.  This dichotomy has caused considerable 

confusion.   The physiologic consequences of autonomic denervation are diverse, cumulative, and, include 

changes in visceral form and function, susceptibility to infection and toxins, as well as aberrant 

reinnervation and its consequences in the central nervous system.   Pelvic endometriosis and its clinical 

associations are simply developments of the anatomic and physiologic consequences of vaginal delivery, 

straining during defecation, and, other as yet unidentified, sources of injury to pelvic autonomic nerves.   

Developing this framework may avert some of the aetiological confusion and therapeutic difficulty in 

contemporary clinical presentations of endometriosis, and, contribute to an understanding of other clinical, 

gynaecological presentations. 
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Legends 

 

Figure 1 

The uterine nerves.  The nerve supply of the pelvic viscera in a fresh prosection preserved in 
methanol, rather than formalin, demonstrating (a) the superior hypogastric plexus, (b) the 
hypogastric nerve, c) the inferior hypogastric plexus, (d) the uterovaginal plexus, (e) 
parasympathetic fibres from sacral segments (S2-4).    
Mixed autonomic nerves converge on Frankenhauser’s uterovaginal nerve plexus at the 
vaginal vault where they are vulnerable to intrapartum injury or persistent, straining during 
defaecation.    
Prosection by Dr Ross Spackman and Dr Alice Roberts, following preparation by Bill 
Wrigley, University Department of Anatomy, Bristol. 
 
 
 
Figure 2 

Levator injuries (or “defects”, LAd) in chronic pelvic pain. 
(a) Axial section of proximal urethra in normal nulliparous subject.  The levator ani is 
symmetrical and intact. 
(b) Unilateral, right-sided avulsion from pubic origin (LAd 1).  Clinical examination reveals a 
tender bulge on the posterior vaginal wall. 
(c) Bilateral, avulsions from the fascial origin from obturator internus (LAd 2).  This is the 
most frequent injury in women with chronic pelvic pain associated with over 70% of clinical 
presentations.   Physical findings include tenderness over the muscular origins) 
(d) Denervation of levator ani with bilateral avulsions from the pubis and obturator origins 
(LAd 3).  Complete loss of form and function of the levator ani, can be detected on physical 
examination and confirmed by electrophysiological studies. 
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Figure 3 

Uterosacral injuries (or “defects”).  Unilateral or bilateral, asymmetry, attenuation and 
avulsion of uterosacral ligaments are common in women with chronic pelvic pain. 
(a) Normal uterosacral arch in an asymptomatic nulliparous woman. 
(b) Avulsion of the right uterosacral ligament in a woman with chronic pelvic pain. 
(c) Avulsion of the left uterosacral ligament that has been replaced by varices along its 
course. 
(d) Avulsion of the left uterosacral ligament and attenuation of the right uterosacral ligament 
in a woman with chronic pelvic pain. 
(e) Symmetrical attenuation of the uterosacral ligaments following hyperstimulation of the 
uterus associated with induction of labor with prostaglandin pessaries 
(f) Typical injury to the left uterosacral ligament where there is loss of the uterosacral arch 
and asymmetry of the ligaments. 
 

 

 

Figure 4 

Neurologic injuries (or “defects”).  Different patterns of uterine denervation and 
reinnervation following hysterectomy for chronic pelvic pain  with, or without 
endometriosis (x 200). 
 
(a) normal myometrium, (x 100) 
(b) aberrant reinnervation in myometrial stroma,  
(c) collateral sprouting of nerve bundles following intrapartum injury,  
(d) perivascular nerve fibre proliferation around small blood vessels,  
(e) aberrant reinnervation in the uterosacral ligaments 
(f) loss of nerves in leiomyoma 
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(1) Loss of visceral form (hypoplasia or hyperplasia) 
In an organ capable of physical enlargement such as the uterus, denervation manifests as localised 
hyperplasia in the forms of adenomyosis49 or leiomyoma.50-52 
 
(2) Loss of visceral function  
Injury to uterine nerves results in uterotubal dysmotility and retrograde menstruation.5,6  These processes 
may also contribute to adverse pregnancy outcomes including preeclampsia and intra-uterine growth 
retardation.53 
 
(3) Increased susceptibility to infection 
Injury to uterine and vaginal nerves may contribute to different patterns of opportunist 54 and vulvovaginal 
infections55.  
 
(4) Increased susceptibility to other irritants 
Injuries to autonomic nerves are susceptible to alcohol, tobacco, cocaine, drugs, pharmacological agents, etc 
resulting in changes in the onset or course of different clinical conditions both within, and beyond, the 
female pelvis. 
 
(5) Pain associated with local, aberrant reinnervation 
Injury to uterine nerves result in different patterns of aberrant reinnervation and chronic pelvic pain, 
menstrual disturbances, dysmenorrhea and dyspareunia.27-34, 42-44 
 
(6) Pain associated with central “sensitisation” 
Hysterectomy and bilateral salpingo-oophorectomy combined with removal of “endometriosis” does not 
necessarily remove the symptoms of pain.  Central “sensitisation” results in persistent or recurrent 
symptoms in many women with advanced  “endometriosis”. 47, 48 
 
 
Table 1 

 
Consequences of pelvic autonomic denervation.  Injuries to pelvic autonomic nerves may 
contribute to different, adverse obstetric and gynecologic outcomes.  These principles may 
also apply to injuries to branches of the cardiac and celiac plexi in the thorax and abdomen 
respectively.55 
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Tissue injury 

 

 
Subsequent laparoscopic phenotype 

following tissue repair 
 

 
Ovulation with injury to the surface of the ovary. 
 
 

 
Painless endometriotic cyst (“endometrioma”) 

 
Persistent physical efforts during defecation (often 
in young, nulliparous women). 
 
 

 
Symmetrical, hypertrophy of uterosacral ligaments 
with large volumes of associated endometriosis. 

 
Prior difficult, intrapartum episode some years 
earlier e.g. prolonged labor, prolonged second stage 
of labor, malpresentations, forceps, etc. 
 

 
Asymmetry of uterosacral ligaments with some 
degree of peritoneal neovascularisation, with or 
without, endometriosis. 
 

 
History of a prior difficult, intrapartum episode 
some years earlier e.g. during second stage of labor, 
forceps delivery 
 

 
Disruption of the insertions of the uterosacral 
ligaments as they insert into the rectovaginal 
septum. (“deep infiltrating endometriosis”) 
 

 
Sharp curettage associated with excessive traction 
on the cervix  
 

 
Enlarged uterus associated with adenomyosis and 
small volumes of endometriosis at the insertion of 
the uterosacral ligaments with, or without, 
adhesions. 

 
Bladder, ureteric, bowel, cervix and vaginal 
endometriosis. 
 
 

 
Intrapartum injury to the respective organ or 
concurrent, full thickness pathology including the 
serosal surface of the organ e.g. Crohn’s disease. 
 

 

Table 2 

Mechanisms of tissue injury and repair that contribute to different, laparoscopic appearances 
associated with chronic pelvic pain with, or without, endometriosis. 
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Figure 1 
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Figure 2 Levator defects in chronic pelvic pain. 

 

 

(a)          (b) 

 
 

 (c)         (d) 

 

Levator “defects” (LAd) in chronic pelvic pain. 
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Figure 3 Uterosacral defects in chronic pelvic pain 

 

(a)           (b) 
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Figure 4 Neurologic defects with ensuing patterns of tisue repair in 
women following hysterectomy for chronic pelvic pain and endometriosis. 
 

(a)      (b) 
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