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ABSTRACT 
PURPOSE: To evaluate the prevalence of anal incontinence (AI) in primiparous women five 
years after their first delivery; to investigate if an 8-12 hour time delay of primary repair 
affects AI at 1-year follow-up; to study the association between endoanal ultrasonography and 
anorectal manometry in relation to AI in primiparous women; to evaluate whether an 
endoanal ultrasonographic derived sphincter length-index correlates to subjective AI.   
METHODS:  Primiparous women were prospectively followed with questionnaires before 
the pregnancy, at 5 and 9 months, and 5 years after the delivery.  242/349 women completed 
all questionnaires.  Women with sphincter tear at their first delivery were compared to women 
without such injury.  Risk factors for development of AI were analyzed.  165 women 
diagnosed with obstetrical sphincter tear at delivery were randomised to immediate or delayed 
(8-12 hour delay) repair.  78 were allocated to immediate operation and 87 to a delayed repair 
and followed for 12 months.  A nested case-control study of 108/165 women from the 
randomized controlled trial was performed to compare findings at anorectal manometry and 
endoanal ultrasound 1 year after their repair.  Cases were defined as having a greater score 
than 2 on the Pescatori incontinence scale, controls as having a score of 2 or less.  116 
primiparous women who had experienced a 3rd or 4th degree obstetric tear were examined 
using three-dimensional endoanal ultrasonography and compared to a control group of 
nineteen nulliparous women to evaluate a sphincter length-index.   
RESULTS:  AI increased significantly during the 5-year follow-up.  Among women with 
sphincter tears, 44% reported AI at nine months and 53% at five years (p=0.002).  Risk 
factors for AI at five years were age (OR 2.2, 95% CI 1.0; 4.6), sphincter tear (OR 2.3, 1.1; 
5.0) and subsequent childbirth (OR 2.4, 1.1; 5.6).  In the randomized study of delayed vs. 
immediate sphincter repair there was no significant difference in AI between the groups.  Of 
the manometric variables, volume of first sensation and volume of first urge proved to be 
associated with AI at univariate statistical analysis.  A distal scar in the external anal 
sphincter, age, degree of tear, and duration of second stage of labor were independently 
associated with AI.  Patients with a previous grade 3-4 obstetric injury had a shorter external 
anal sphincter (p<0.001) and a lower IAS-index (p=0.03) than the controls.  Patients with 
fecal urgency and flatus incontinence had a lower IAS-index (p=0.03 and 0.01 respectively).  
The EAS-index score was significantly lower in patients with fecal urgency (p=0.02).  
 CONCLUSIONS:  AI among primiparous women increase over time and is affected by 
further childbirth.  There is no benefit or harm, with regards to anal continence at 1 year 
follow up, in delaying primary repair up to 12 hours after the delivery.  Impaired rectal 
sensation at ano-rectal manometry and a distal scar at endoanal ultrasonography are 
associated with AI one year after primary sphincter repair in primiparous women.  Measured 
by 3D endoanal ultrasound, the sphincter complex in nulliparous women is anatomically 
different when compared to women who have experienced primary repair after an obstetrical 
sphincter injury.  An internal anal sphincter length index can be calculated based on 
ultrasonographic measurements and the IAS-index may correlate to the degree of AI. 
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1 INTRODUCTION 
AI is a profoundly distressing and socially incapacitating disorder.(Rothenberger 1989; Madoff, 
Williams and Caushaj 1992; Jorge and Wexner 1993; Baeten, Geerdes, Adang, Heineman et al. 
1995)  It is common that affected individuals avoid seeking medical attention and AI is 
regarded as the "unvoiced symptom".(Leigh and Turnberg 1982)   Among subjects under 45 
years of age, females are affected eight times more often than males and the reason for this 
difference is considered to be childbirth.(Henry 1987) The overall purpose of this thesis was to 
study AI and anal sphincter injuries in relation to vaginal delivery.   

 
1.1 DEFINITION OF ANAL INCONTINENCE 

AI can be defined as the inability to defer the passage of gas, liquid, or solid stool until a desired 
time.  The ICI has defined AI as “the involuntary loss of flatus, liquid or solid stool that is a 
social or hygienic problem.  The term ‘fecal incontinence’ refers specifically to the involuntary 
loss of solid or liquid stool. 

 
1.2 EPIDEMIOLOGY OF ANAL INCONTINENCE 

The true prevalence of AI among community dwelling women has been difficult to determine.  
The condition lacks a universally accepted definition and researchers have used many different 
instruments to score the severity of the ailment.  In addition, most studies have concentrated on 
sub-populations such as the elderly or post partum women.(Macmillan, Merrie, Marshall and 
Parry 2004)  Prevalences between 2 and 10% have been reported among women in general 
population,(Kalantar, Howell and Talley 2002; Perry, Shaw, McGrother, Matthews et al. 2002) 
and up to 50% in nursing homes.(Wetle, Scherr, Branch, Resnick et al. 1995) 
 
A recent population based study from Washington found a prevalence of fecal incontinence of 
7.2% with a pronounced increase with older age.(Melville, Fan, Newton and Fenner 2005)  
Women have greater risk of becoming incontinent to stool, but the prevalence of fecal 
incontinence among men has probably been underreported.  One study, from Middlesex, UK, 
reported a 4.9% prevalence of fecal incontinence among men 65 years old or older, as compared 
to 8.8% among women.(Thomas, Egan, Walgrove and Meade 1984)   
 
Risk factors for AI include: age, female gender, poor general health, sphincter tear at first 
delivery, and a prolonged 2nd stage of labour and subsequent deliveries.(Nelson 2004; Pollack, 
Nordenstam, Brismar, Lopez et al. 2004; Nordenstam, Altman, Brismar and Zetterstrom 2009) 
 
1.3 THE ANATOMY OF CONTINENCE 

1.3.1 Embryology 

Early in the embryological development the cloaca is the common opening of the allantois and 
the most distal portion of the hindgut.  The hindgut gives rise to the distal third of the transverse 
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colon, the descending colon, the sigmoid, the rectum and the proximal part of the anal canal.  
The allantois will before it obliterates be part of the umbilical cord.  The cloaca is lined with 
endoderm that meets the surface ectoderm at its opening.  The cloacal opening is covered by the 
cloacal membrane that, consequently, has both ectodermal and endodermal components.  
During further development, the urorectal septum, of mesodermal origin, forms in the angle 
between the allantois and the hindgut.  At seven weeks gestational age, the urorectal septum has 
grown down to fuse with the cloacal membrane; the perineum and perineal body is thus formed.  
The cloaca is now divided by the urorectal septum into the anterior urogenital sinus and the 
posterior anorectal canal.  The cloacal membrane still covering the opening of the anorectal 
canal changes its name to the anal membrane and becomes surrounded by mesenchymal 
swellings.  By eight weeks of gestation, the anal membrane can be observed at the bottom of an 
“anal pit” or proctodeum.  In the ninth week, the anal membrane regresses, establishing a 
continuity between the rectum and the outside.(Sadler 1990)   
 
The importance of understanding the embryology of this region cannot be overstated since it 
enables the surgeon to understand the anatomy of the anal canal and the pelvic floor.  The 
proximal part of the anal canal is lined with columnar epithelium, since it is of endodermal 
origin, is innervated by autonomous nerves, and the lymphatics and veins that come from this 
area, drain towards the abdomen.  The distal part of the anal canal (of ectodermal origin) is 
lined with squamous epithelium, has a somatic nerve supply and its lymphatics drain to the 
inguinal node system and the veins towards the external iliac system.(Godlewski and 
Prudhomme 2000)  The dentate line marks the fusion between the endodermal and ectodermal 
tubes.  Cloacal muscles that developed from the posterior part of the urorectal septum will form 
the EAS, while muscles forming anteriorly will form the superficial transverse perinei muscle, 
the bulbocavernosus muscle, the ischiocavernosus muscle and the perineal membrane.  All 
above mentioned muscles originate from the same mesenchymal structure, the urorectal septum, 
explaining why one nerve, the pudendal nerve, supplies all muscles that develop between the 
endodermal and ectodermal layers of the cloacal membrane.   
 
1.3.2 The colon 

The colon surrounds the loops of small intestine as an arch. Its length varies, but averages 
approximately 150 cm, or a fourth of the small intestine, in the adult.  The diameter of the colon 
changes, in a tapering fashion, from around 7.5 cm at the cecum to about 2.5 cm at the 
rectosigmoid junction.  The colon differs from the small intestine in location and calibre and, in 
some places, degree of fixation.  Unique for the colon is the presence of taenia coli, the haustra 
and the appendices epiploicae. 
 
The recto-sigmoid junction is the narrowest part of the colon and is sharply angulated.  In 
surgery, it can be identified as the point, at the level of the sacral promontory, where the taenia 
fuses to form a single anterior taenia and, where both the mesocolon and the haustra ends.  
Some regard this colon segment as a functional sphincter because of its kinking and its powerful 
muscular contractions and dilations.(Wexner 2005) 
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1.3.3 The rectum 

The rectum measures 12-15 cm in length and spans between the recto-sigmoid junction and the 
anal canal, which for a surgeon, starts at the ano-rectal ring. It has three lateral curves: the upper 
and lower are convex to the right and the middle is convex to the left. Endoscopically, the 
curves correspond to the valves or folds of Houston. The two folds on the left are usually found 
at 7-8 cm and at 12-13 cm respectively and the one to the right at 9-11 cm. The middle fold, 
“Kohlrausch’s plica,” is located at the level of the anterior peritoneal reflection.(Abramson 
1978)  The lumen of the rectum is comparatively wide and easily distended. The inferior 
mesenteric artery changes its name to the superior hemorrhoidal artery when it passes anterior 
to the left ileac artery. It runs in the mesosigmoid down to the level of S3 where it usually 
divides into the left and right branches that supply the rectal wall.(Ayoub 1978) The presence of 
the middle rectal arteries is controversial, but they have been observed in over 90 percent of 
cadavers in a study and run distal to the “lateral stalks”. (DiDio, Diaz-Franco, Schemainda and 
Bezerra 1986) The sympathetic supply of the rectum and left colon arises from L-1, L-2 and L-3 
and the parasympathetic from S-2, S-3 and S-4.(Wexner 2005) 
 
1.3.4 The anal canal and the sphincter complex 

Anatomists and surgeons have developed separate definitions of the cephal and caudal limits of 
the anal canal.  To the anatomist the anal canal stretches from the anal verge to the dentate line, 
a distance of approximately two cm.  The anal verge can be defined as the edge of the anal 
orifice, or the ano-cutaneous line.  The surgical, or functional anal canal is longer, stretching 
approximately four cm from the anal verge to the anorectal ring.(Wexner 2005) The ano-rectal 
ring simply forms the end of the ampulla of the rectum, at the level of the pubo-rectalis muscle, 
which can be easily defined at ano-rectal palpation.  The ano-rectal ring forms the ano-rectal 
angle and marks the beginning of the higher intraluminal pressure that is present in the surgical 
anal canal.  The anal canal is posteriorly attached to the coccyx by the ano-coccygeal ligament, 
which runs in the midline between the external anal sphincter and the coccyx.  Branches of the 
pudendal nerves reach the EAS by passing through the loose adipose tissue, in the ischio-anal 
space, that buttresses the anal canal on either side.   
The layers of the anal canal, from the luminal side and out, are:   
 
1.3.4.1 Epithelial lining 
The epithelial lining consists of rectal mucosa, columnar epithelium, in the proximal anal canal 
and anoderm, squamous epithelium, in the distal anal canal.  The area by the junction of 
squamous and columnar epithelium, at the dentate line, is often referred to as the anal 
transitional zone.  In this zone, which can extend from 6 mm below to 20 mm above the dentate 
line, islands of squamous epithelium can be observed extending into the columnar 
epithelium.(Fenger 1987; Fritsch, Zehm, Illig, Moser and Aigner 2010)   
 
1.3.4.2 Vascular subepithelium or submucosa  
Terminal radicals of the superior rectal artery and vein run longitudinally in the submucosa 
toward the dentate line; the mucosal covering of these submucosal vessels form “the columns of 
Morgagni”.  The vessels are largest in the left-lateral, right-posterior and right-anterior 
quadrants of the wall of the anal canal where the submucosal tissues form the three anal 
cushions.(Kirschner 1989)  
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1.3.4.3 The internal anal sphincter 
The IAS is a thickened continuation of the circular smooth muscle of the rectum that ends 6-8 
mm above the anal verge at the level of the junction of the superficial and subcutaneous part of 
the EAS.  The IAS is 1.5-3mm thick and thickens with aging. (Starck, Bohe, Fortling and 
Valentin 2005; Lewicky-Gaupp, Hamilton, Ashton-Miller, Huebner et al. 2009)  It is innervated 
by the autonomic nervous system, sympathetic (L5) and parasympathetic (S2-S4), and remains 
in a state of tonic contraction.  The IAS accounts for 50-85% of the anal resting tone. 
(Frenckner and Euler 1975; Lestar, Penninckx and Kerremans 1989) 
 
1.3.4.4 The external anal sphincter 
The EAS is voluntarily controlled and thus a striated muscle.  It is subdivided into three parts: 
the subcutaneous, the superficial and the deep.(Milligan and Morgan 1934) The deep EAS is 
closely related to the pubo-rectalis muscle.(Bogduk 1996) The superficial EAS is attached to 
the coccyx via the anococcygeal ligament posteriorly.(Wexner 2005)  The subcutaneous EAS 
has attachments to the perineal body anteriorly and may also have attachments to the 
anococcygeal ligament posteriorly.  In females, the EAS is shorter anteriorly than 
posteriorly.(Thakar and Sultan 2004)  The EAS is between 4.5 and 6 mm thick and between 23 
and 33 mm in length.(Starck, Bohe, Fortling et al. 2005) The bulbocavernosus muscle and the 
transverse perinei fuse with the EAS towards the anal end of the perineum.  The EAS is 
innervated by the inferior rectal branch of the pudendal nerve.  The EAS and IAS are separated 
by a longitudinal fibromuscular layer that runs in the intersphincteric space.  This layer is 
continuous with striated muscle from the puborectalis and smooth muscle fibers from the 
longitudinal muscle of the rectum.  Distal to the edge of the IAS, this layer separates and fans 
out, dividing the subcutaneous EAS to attach to the skin of the lower anal canal and perianal 
region.(Milligan and Morgan 1934; Macchi, Porzionato, Stecco, Vigato et al. 2008) 
 
1.3.5 The female pelvic floor 

The pelvic floor or pelvic diaphragm in a female is a musculotendinous sheet that mainly 
consists of the paired levator ani muscles, but also the coccygeus, also called ischiocoggygeus, 
muscles.  This sheet supports the urogenital organs and the anus as they exit the pelvis via their 
respective foramina in the pelvic diaphragm.  The floor stretches from the pubic symphysis 
anteriorly to the coccyx posteriorly and are laterally attached to the tendineous arch of the 
obturator fascia.  The levator ani is further subdivided into parts that have been named 
ileococcygeus, pubococcygeus and PRM.  It is difficult to distinguish these parts from one 
another both anatomically and physiologically, but the ileococcygeus originates at the ischial 
spine and the posterior part of the obturator fascia and travels medially and inferiorly to insert 
laterally on the third and fourth sacral vertebrae, the coccyx and anococcygeal ligament.  The 
pubococcygeus parts of the levator ani originates at the posterior aspect of the pubis and the 
anterior part of the obturator fascia, travels posteriorly, parallel to the anorectal junction and the 
fibers from either side decussate at the anococcygeal raphe.  The muscle inserts into the upper 
coccyx and the lower parts of the sacrum.  The most medial fibre bundles of the pubococcygeus 
form a U-shaped loop around the rectum and are named PRM, the most caudal part of the 
levator ani.  The PRM upholds the, so called, anorectal angle by “pulling” the anal canal 
forward in relation to the rectum.  This angle is most pronounced when standing and least so 
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when in a squatting position.  Whether the puborectalis is more a part of the EAS or the levator 
ani remains a topic of discussion.(Bogduk 1996; Stoker 2009) 
 
1.3.6 The perineum 

The diamond shaped perineum is limited anteriorly by the pubic arch, laterally by the 
ischiopubic rami, iscial tuberosities and, sacrotuberous ligaments, and posteriorly by the 
coccyx.  In academic discussions, the perineum is often separated into an anterior “urogenital 
triangle” and a posterior “anal triangle.”  The common base of the urogenital triangle and the 
anal triangle is the imaginary line between the two ischial tuberosities.  The urogenital triangle 
is further divided into a superficial- and a deep perineal compartment.  The two compartments 
are separated by the perineal membrane.  The superficial compartment contains three muscles: 
the superficial transverse perineal, the bulbocavernosus and the ischiocavernosus.  The deep 
compartment contains the deep transverse perineal, the compressor urethrae and the 
urethrovaginal muscles.   
 
1.3.6.1 The perineal body 
The perineal body can be viewed as the hub into which the central perineal muscles and 
structures like the perineal membrane, the recto-vaginal septum and, the parietal fascia from the 
pubococcygeal muscle fuses.(Nichols and Randall 1996) It is a pyramidal structure that 
occupies the area between the posterior vaginal wall and the anterior aspect of the sphincter 
complex.(Oh and Kark 1973; Zetterstrom, Mellgren, Madoff, Kim and Wong 1998)  
 
1.3.7  The vagina 

The vagina is approximately 10 cm long and can be described as a fibromuscular tube.  The 
vaginal walls are elastic, permitting the vagina to be distended and to return to its original shape 
after distension.(Nichols and Randall 1996) 
 
1.3.7.1 The rectovaginal septum 
The rectovaginal septum is a fibromuscular tissue layer that attaches to the anal side of the 
muscularis layer of the posterior vaginal wall.  It extends from the caudal portion of the Pouch 
of Douglas to the proximal edge of the perineal body.(Kato, Matsubara, Murakami, Abe et al. 
2008)  Recent studies have questioned the existence of a proper septum or fascia in this 
space.(Kleeman, Westermann and Karram 2005)   
 
1.3.7.2 The rectovaginal space 
The rectovaginal space is the space between the rectovaginal septum (or the dorsal side of the 
muscularis layer of the posterior vaginal wall) of the vagina and the anterior wall of the 
rectum.(Kleeman, Westermann and Karram 2005) 
 
1.3.8 The pudendal nerve 

The pudendal nerve, a partly autonomous and partly somatic nerve, originates from the ventral 
branches of S2, S3 and S4, and leaves the pelvis through the lower part of the greater sciatic 
foramen.  It then, after crossing the ischial spine, re-enters the pelvis via the lesser sciatic 
foramen.  It travels together with the internal pudendal artery in Alcock’s canal, which runs 
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along the lateral wall of the ischioanal fossa.  Alcock’s canal is a sheath of the obturator fascia 
renders the nerve relatively immobile at this site.  The first branch of the pudendal nerve is the 
inferior rectal nerve and it then branches off posteriorly to innervate the EAS.  After this the 
pudendal nerve divides into the superficial perineal nerve, which is sensory to the perineum, the 
genitalia and the terminal portion of the anal canal, and the deep perineal nerve that innervates 
the transverse perineal muscle and the urethral sphincter before becoming the dorsal nerve of 
the clitoris.   
 
1.4 THE PHYSIOLOGY OF ANAL CONTINENCE 

In order to evaluate and treat patients that are incontinent to stool or gas in a successful manner, 
an appreciation of the normal defecation process as well as the physiology of continence needs 
to be acquired.   
 
1.4.1  Normal defecation 

The first step of defecation is the signal from the rectum to the cerebral cortex where the electric 
impulses are translated to the perception that defecation is needed.  The signal is elicited when 
the degree of dilatation of the rectum reaches its threshold, which, in turn, is dependent on the 
rectal wall itself, as well as on its contents.(Lotze, Wietek, Birbaumer, Ehrhardt et al. 2001)  
The individual now has to decide whether defecation is the activity that is to take place, at this 
moment, or not.  In order to make this decision the individual needs, among other things, to 
know the type of material, i.e. gas, liquid stool or solid stool, distending the rectum.   
 
1.4.1.1 Ano-rectal sampling 
The typification of rectal contents, into solid, liquid or gaseous state, is done through a process 
called ano-rectal sampling in which the sensory epithelium of the anal canal comes into contact 
with the bowel contents.(Duthie 1975; Rogers, Hayward, Henry and Misiewicz 1988)  The 
distension of the rectum elicits the RAIR, a partial relaxation of the IAS that enables the rectal 
contents to move into the upper part of the anal canal.  The greater resting pressure of the distal 
IAS, compared to the proximal IAS, prevents incontinence as contents are in the anal canal.  
Slow wave activity in the distal part of the sphincter complex, in combination with contractions 
of the EAS and PRM, will then force the bowel contents to return from the anal canal to the 
rectum.(Sangwan, Coller, Barrett, Murray et al. 1995)  These “sampling episodes” occur every 
eight to ten minutes and each lasts for less than ten seconds and enables the individual to 
determine the quality of content present in the rectum.  Thus, an attenuated RAIR can result in 
difficulties to evacuate feces while an exaggerated reflex may lead to incontinence.   
 
If defecation is to take place, the individual will need to sit down or squat so that the ano-rectal 
angle will straighten out so that the rectal contents can move forward with ease.(Tagart 1966)  
The rectal contents promote the relaxation of the sphincter complex and PRM and the 
individual then performs the Valsalva manoeuvre.(Read, Timms, Barfield, Donnelly and 
Bannister 1986)  Abdominal pressure is raised and the anterior abdominal muscles are now 
tensed to funnel the pressure down to the pelvis.  When the relaxed pelvic floor allows contents 
to reach the distal rectum, powerful recto-sigmoid contractions are elicited, pushing stool 
through the relaxed anal canal.(Bharucha 2006b)  Sensory input from the anus maintains this 
propulsive activity until the rectum is empty.(McCrea, Miaskowski, Stotts, Macera and Varma 
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2008)  Patients with spinal injuries can completely empty their rectum in the way just described, 
suggesting that this process is mediated at the spinal cord level.(Lynch, Anthony, Dobbs and 
Frizelle 2000)  The EAS is stretched as stool passes through. After the last bolus has passed 
through this release of “traction force” stimulates the closing reflex of the EAS, maintaining 
continence after defecation.(Porter 1962) 
 
1.4.2 The fecal factor 

The consistency of the stool is an important factor in controlling the timing of defecation.  Firm 
stool can be controlled much easier than liquid stool, which more easily can “leak” through the 
anal canal.  The peristalsis in the recto-sigmoid has a role in keeping the rectum empty and 
thereby prevent defecation urges.  Liquid stool presents a challenge for this peristalsis and, thus, 
may also increase the frequency and amplitude of urges for defecation.  Patients who have 
undergone an LAR often have urges and difficulties controlling their stool.  Some of their 
symptoms can be explained by the fact that they are missing the part of the bowel that performs 
this peristalsis.   
 
1.4.3 The storage factor 

The rectal capacity is important in storing stool when a toilet is not immediately available.  The 
rectal capacity can be compromised by intra-luminal, intra-mural or extra-rectal conditions.  
Examples of intra-luminal conditions would be rectal tumors or foreign bodies that decrease 
space available in the rectum.  Long standing inflammation that could yield a non-pliable rectal 
wall resulting in a non-distending rectum could exemplify an intra-mural process, and an 
ovarian or uterine process compressing the rectal wall from the outside an extra-mural process.  
All these conditions could result in frequent urgency and possibly involuntary loss of stool.   
 
1.4.4 The sensory factor 

Anal sensation is mediated by nerve fibers from the pudendal nerve and organized sensory 
nerve endings have been easily characterized within the anal canal.(Duthie and Gairns 1960)  
Sensation for touch, pain, tension, pressure and even temperature exist in the anal canal and 
enables the collection of information with the anal sampling reflex.(Rogers 1992)  It has been 
more challenging to show the presence of sensory nerve endings in the rectal wall, but the 
presence of vagal nerve endings, IGLE’s, within the myenteric ganglia have been known to 
exist for some time.(Duthie 1975)  It is also known that rectal filling sensation is perceived 
during the period of increased rectal pressure at rectal distension.(Broens, Vanbeckevoort, 
Bellon and Penninckx 2002)  It has been suggested that the condition known as rectal 
hypersensitivity, which can cause urge incontinence in individuals with a normal EAS, can be 
the result of an increased number of rectal mucosal afferents.(Lembo, Munakata, Mertz, Niazi 
et al. 1994)  Rectal sensation is conduced by nerve roots S2-S4.   
 
1.4.4.1 The bulbocavernosus reflex 
The BCR is elicited by squeezing the glans penis/clitoris and induces a contraction of the pelvic 
floor.  The reflex was first described by Bors and Blinn in 1959.(Bors and Blinn 1959)  A 
prolonged BCR latency suggests a disorder involving the S2-S4 segments of the spinal chord. 
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1.4.4.2 The cough reflex 
The CR protects the individual from incontinence with laughing, shouting, lifting, or other 
activities that increase the intra abdominal pressure.  The reflex is diminished or sacrificed in 
cases of spinal lesions involving the lumbar spine or the cauda equine.  The involved pathways 
can be validated by asking the patient to cough during ARM or EMG or by simply asking the 
patient to cough while visually assessing the EAS or anal verge. 
 
1.4.4.3 The cutaneous-anal reflex 
The CAR was first described in 1891 as a brief contraction of the anal sphincter in response to 
pricking or scratching the anal skin.(Rossolimo 1891)  It involves sacral nerve root 4 by means 
of the pudendal nerve.  The reflex response fatigues rapidly, making it important to evaluate the 
reflex at the beginning of the examination. 
 
1.4.4.4 The recto-anal excitatory reflex 
The RAER is responsible for the contraction of the EAS at the distension of the rectum.  The 
sensory fibers involved are S2-S4 derived and the motorfibers are part of the pudendal 
nerve.(Rao 2004)  A pudendal block extinguishes the reflex.  Patients with an abnormal RAER 
and prolonged PNTML can be diagnosed with pudendal nerve pathology.   
 
1.4.4.5 The recto-anal inhibitory reflex 
The distension of the rectum induces the RAIR, the relaxation of the proximal IAS.  This reflex 
was first reported by Gowers in 1877, but it was not until 1935 that Denny-Brown and 
Robertson described the RAIR in an article.(Denny-Brown and Robertson 1935)  The RAIR is 
thought to be of great importance in the typification of rectal content as described above in the 
section on ano-rectal sampling. 
 
1.4.5 The mechanical factor 

1.4.5.1 The ano-rectal angle 
As described previously, the PRM arises from the pubic bone and is the most medial portion of 
the LAM.  It has a U-shaped course from its origination, passing around and posterior to the 
rectum at the level of the ano-rectal ring, before it returns to the pubic bone.  The PRM “pulls” 
the rectum forward, especially in the standing position and when the muscles of the pelvic floor 
are contracted, giving rise to the ARA.  The ARA is approximately 90 degrees at rest, but will 
become more obtuse, to allow the passage of stool, at defecation.(Rao 2004)  The ARA will 
help prevent gross fecal incontinence, but is not involved in the more sophisticated continence 
control asserted by the anal sphincter complex.   
 
1.4.5.2 The anal sphincter complex 
The anal sphincters are not by themselves responsible for the continence of an individual.  The 
high pressure zone of the anal canal is normally 3-4 cm.(Varma and Smith 1984)  As long as the 
pressure in the anal canal is greater than the pressure in the rectum, continence will be present.  
This pressure will be the sum of the resting tone contributed by the IAS, the voluntarily variable 
tonus contributed by the EAS and by the additional pressure provided by the anal cushions.  A 
defect or scar in the IAS or EAS could decrease the intra anal pressure, but also neuropathy 
could cause the muscle tonus to decrease, leading to continence difficulties for the individual.   
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1.4.5.3 The anal cushions 
The anal cushions are responsible for approximately 15% of the intra anal pressure.(Lestar, 
Penninckx and Kerremans 1989)  They are comprised of connective tissue, smooth muscle and 
dilated blood vessels.  The cushions provide an airtight seal of the anal canal as the anal 
sphincters contract circumferentially around them.  The importance of these cushions is 
highlighted in the patient with prolapsing hemorrhoids, which may displace the mucocutaneous 
junction to a position distal to the anal verge, resulting in mucous soiling and macerated and 
itching anoderm.  Another example would be the patient who has fecal soiling following a 
hemorrhoidectomy.   
 
1.5 OBSTETRICAL TEARS 

The vaginal delivery of a full term baby is an amazing physiologic event.  The strain on both 
mother and baby is great.  The delivering woman can experience both stretching and tearing 
injuries as a result of this strain.(Snooks, Swash, Henry and Setchell 1986; Zetterstrom, Lopez, 
Anzen, Norman et al. 1999a)  This thesis, to a large degree, deals with the study of OASI’s.   
 
1.5.1 Classification of obstetric perineal tears 

The classification of OASI can be confusing as different systems of classification has been used 
resulting in frequent misdiagnosis.(Fernando, Sultan, Radley, Jones and Johanson 2002)  Tears 
in the perineal area that occur at childbirth are usually divided into four degrees.(WHO 1985)  

A first-degree tear is defined as a laceration 
involving the perineal skin and vaginal mucous 
membrane but not the underlying fascia and 
muscle.  A second-degree tear involves the fascia 
and muscles of the perineal body, but not the anal 
sphincter.  A third degree tear involves the anal 
sphincters.  A fourth degree tear also involves the 
anal or rectal mucosa.  According to ICD-10 (WHO 
1992)  a third degree tear is divided into 1) partial 
tears involving parts of but not the whole anal 
sphincter in contrast to 2) a complete third degree 
tear which involves the whole depth and length of 
the sphincter.  
 
Figure 1.  A fourth degree OASI; the examiner 
has the left index-finger in the anal canal. (Photo Dr Zetterström) 

 
A different classification system was proposed by Sultan,(Sultan 1999) and accepted by the 
Royal College of Obstetricians and Gynaecologists in 2001.(RCOG 2001) According to Sultan 
a third degree tear could be further subdivided into: 3a, a tear involving less than 50% of the 
EAS thickness; 3b, a tear involving more than 50% of the EAS; 3c, a tear involving the IAS.  A 
fourth degree tear involves the sphincter apparatus as well as a disruption of the anal 
epithelium.(Keighley, Radley and Johanson 2000)  Third and fourth degree tears can also be 
referred to as OASI’s   
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1.5.2 Risk factors of obstetric sphincter tears 

Maternal, fetal and obstetric factors all contribute to the overall risk for a given women to suffer 
an OASI at her delivery.  Several risk factors for OASI’s have been reported.(Zetterstrom, 
Lopez, Anzen et al. 1999a; Revicky, Nirmal, Mukhopadhyay, Morris and Nieto 2010)  
However, a useful scoring system to predict the risk for the individual patient has yet to be 
developed.(Williams, Tincello, White, Adams et al. 2005)  One recent systematic review 
analyzed 451 congress abstracts and original articles and concluded that approximately 11% of 
deliveries result in OASI, and that instrumental delivery, prolonged second stage of labor, BW 
greater than 4 kg, fetal occipito-posterior presentation and episiotomy were absolute risk factors 
for OASI.(Dudding, Vaizey and Kamm 2008) 
 
1.6 THE ETIOLOGY OF ANAL INCONTINENCE  

Bowel continence is dependent on many different factors.  Often there is not just one but several 
explanations to an individual patient’s symptoms.  Understanding the combination of factors 
relevant for each individual is pivotal when deciding on the optimal plan of management. A 
summary of causes for AI is given in Table 1 
Table 1. Causes of AI 
Normal Pelvic Floor Diarrheal states Infectious diarrhea 

IBD 
Short gut syndrome 
Laxative abuse 
Radiation enteritis 

Overflow Impaction 
Encopresis 
Rectal neoplasm 

Neurological condition Congenital anomalies 
MS 
Dementia, strokes 
Neuropathy (e.g., diabetes) 
Lesions of brain, spinal 
chord, cauda equine 

Abnormal Pelvic Floor Congenital anorectal 
malformation 

 

Trauma Accidental 
Anorectal surgery 
Obstetrical injury 

Aging  
Pelvic floor denervation Vaginal delivery 

Chronic straining at stools 
Rectal prolapse 
Descending perineum 
syndrome 

Modified from Madoff et al.(Madoff, Williams and Caushaj 1992) 
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1.7 EVALUATION OF THE COMPLAINT OF ANAL INCONTINENCE 

1.7.1 Patient history 

The initial evaluation of a patient complaining of AI should focus on the cause of the problem 
and the functional status of the individual.  The determination of the cause, quality and severity 
of the incontinence is the cornerstone in patient selection for the various management options.  
Furthermore, the treatment outcomes in patients with AI is related to patient selection.(Norton 
1997; Ludwig 1998)  A precise characterization of what the patient means by incontinence 
needs to be evaluated.  Flatus can be the first and only symptom, but with increasing degree of 
severity, “accidents” with liquid or even solid stool can become an increasing and embarrassing 
problem.  A standardized set of questions can be helpful for the clinician, since the patient not 
always will volunteer information regarding their incontinence symptoms.(Browning and 
Motson 1983)   
 
1.7.2 Symptom severity scoring 

In order to compare treatment results over time and between various treatment methods, a 
quantitative measure of the severity of incontinence is of value.  A number of incontinence 
scoring systems have been reported over the years.  Some of them provide highly sophisticated 
information about the patient’s incontinence, but can be difficult to use, whereas others may be 
easier to use but provide a more crude assessments of the symptoms.   
 
Browning proposed one of the first systems.(Browning and Motson 1983; Browning and Parks 
1983)  This system was simple to use, but only differentiated between incontinence to gas, 
liquid or solid stool.  A patient with occasional “accidents” involving small amounts of solid 
stool would, using this scoring system, be scored as more severely incontinent than someone 
with daily incontinence to large volumes of liquid stool.  More sophisticated measuring scales, 
involving the quality of incontinence as well as a frequency measure have been proposed by 
several authors.(Miller, Bartolo, Locke-Edmunds and Mortensen 1988; Williams, Patel, 
George, Hallan and Watkins 1991; Pescatori, Anastasio, Bottini and Mentasti 1992; Baeten, 
Geerdes, Adang et al. 1995) These systems provide very useful information that is easy to 
obtain.   
 
The widely used scoring system introduced by Jorge and Wexner, was the first scoring system 
that took the need to use pads and lifestyle alterations into account.(Jorge and Wexner 1993)  A 
person’s lifestyle changes and use of pads as a result of the condition is clinically relevant.  
However, these variables add “quality of life” considerations to the total score and personal and 
cultural differences can make it difficult to compare results from different parts of the world.   
 
The FISI, the scoring system that has been adopted by the ASCRS, provides a weighted score 
derived from separate studies where surgeons and patients have graded the severity of various 
symptoms at various frequencies.  These grades are then used when constructing the score for 
each patient.(Rockwood, Church, Fleshman, Kane et al. 1999; Rockwood 2004) 
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It is beyond doubt that scoring systems are valuable.  The choice of which system to use will be 
influenced by the need to have an “industry standard,” ease of use, information needed, personal 
preferences and local traditions.   
 
Table 2. The Pescatori score 
Incontinence degree 

 

Incontinence frequency 

A 
Incontinence 
for 
flatus/mucous 

Less than 
once/week 1 

B Incontinence 
for liquid stool 

At least once a 
week 2 

C Incontinence 
for solid stool Every day 3 

 

AI Degree Degree points  AI frequency Frequency 
points Pescatori score 

A 1 1 1 2 
A 1 2 2 3 
A 1 3 3 4 
B 2 1 1 3 
B 2 2 2 4 
B 2 3 3 5 
C 3 1 1 4 
C 3 2 2 5 
C 3 3 3 6 
Score=Degree points+Frequency points. Modified from Pescatori.(Pescatori, Anastasio, Bottini et al. 1992) 
 
 
1.7.3 Clinical evaluation 

Physical examination should focus on objective clinical evidence to support the self-reported 
(subjective) presence of AI.   
 
1.7.3.1 Inspection 
Careful inspection of the perineum and the anus can reveal a patulous anus, gaping of the anus 
upon traction of the anal verge, perianal soiling, perianal irritation or eczema, scars, prolapsing 
hemorrhoids or mucosa, fistula, loss of the perineal body and, sometimes, muscle defects.  
Inspection while the patient is contracting the EAS as well as when the patient is straining will 
determine if the perineum bulges downward, whether a rectal prolapse will protrude and if the 
patient is able to contract the sphincter complex.  A neurological pelvic floor muscle disorder 
can be suspected if the above tests should be abnormal.(Cooper and Rose 2000)  
 
1.7.3.2 Palpation 
This part of the exam is best initiated with perianal sensation and the testing of the CAR.  If the 
CAR is absent, pudendal neuropathy or a cauda equine lesion can be suspected.(Henry, Parks 
and Swash 1980)  Palpation of the perineal body, EAS and intersphincteric groove is performed 
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during the digital rectal examination.  The DRE allows a crude assessment of the IAS and EAS 
by testing the resting and squeeze pressures respectively.(Kaushal and Goldner 1991; Eckardt 
and Kanzler 1993)  The anorectal ring can be assessed when palpating the PRM, which should 
be felt moving anteriorly when the patient is squeezing.  The length of the sphincters should be 
estimated circumferentially, bearing in mind that obstetrical sphincter tears are located 
anteriorly.(Parks and McPartlin 1971)  An internal opening of an anal fistula can occasionally 
be palpated and then, most often, at the level of the dentate line.   
 
In the case the examiner is evaluating a patient directly after delivery, the DRE should also be 
bi-digital, with the index finger in the anal canal and the thumb in the vagina so that the perineal 
body and the anterior EAS/IAS easier can be evaluated.   
 
1.7.3.3 Endoscopy 
Rectosigmoidoscopy should be performed to rule out organic conditions such as proctitis or 
rectal neoplasms as causes of the symptoms.  Anoscopy brings valuable information about the 
anal canal, such as hemorrhoidal disease or prolapsing anal mucosa, and should be performed 
on routine basis.  If age or symptoms suggests that there is an increased risk for pathology in the 
colon, it is pertinent to schedule a colonoscopy or other evaluation of the large intestine.   
 
1.7.3.4 Endo-anal ultrasonography 
The use of EAUS for the assessment of the morphology of the anal sphincter complex is today 
wide spread.  The technique was first described in 1989 by Law and Bartram.(Law and Bartram 
1989)  Ultrasound waves are sound waves with a frequency between 2.5 and 15 MHz.  As the 
sound waves penetrate soft tissue, they loose energy by absorption, reflexion and dispersion.  
Reflections occur at the interfaces between tissues of different acoustic impedances.  The 
impedance of tissues is dependent on its elasticity and density.  The resolution is dependent on 
the frequency of the sound waves.(Bartram and Frudinger 1997) The greater the frequency, the 
greater the resolution, but, unfortunately, the focal range gets shorter with greater frequencies.  
The optimal frequency for EAUS is usually considered to be 10 MHz.  When performing an 
EAUS examination, the patient is placed in the left lateral position with the hips and knees 
flexed to approximately 90 degrees.  The ultrasound probe, that produces a 360 degree radial 
scan, is introduced into the anal canal and advanced to the upper level of the canal.  The anal 
canal is usually studied at three levels, and the upper level is identified at EAUS by the 
visualization of the PRM, as a horseshoe shaped structure of mixed echogenicity.  The EAS 
cannot be distinguished from the PRM at this level.  The probe is now slowly pulled distally 
until the most prominent part of the IAS is visualized as a hypoechoic ring, lining the inner 
surface of the EAS that is normally circumferential at this level; the mid level of the anal canal.  
The EAS can easily be distinguished from the IAS due to the fact that the IAS is hypoechoic 
compared to the EAS with its mixed echogenicity.  The IAS terminates proximal to the distal 
anal canal and at this level the examiner thus sees only the EAS as a hyper-echoic structure.   
 
Three-dimensional endosonography has recently been added to the armamentarium of the 
clinician.  The ultrasound transducer is with this system moved through the anal canal at a 
constant speed while recording a 360 degree radial scan.  The data from the examination is 
saved onto a computer and the images are stored in a three dimensional box that can be studied 
after the examination.   
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Figure 2. 3-D EAUS: Coronal view of the anterior EAS, cut in the ano-vaginal plane. Notice the V-shaped 
appearance of the proximal EAS in this view. 
 
1.7.3.5 Magnetic Resonance Imaging 
MRI can be performed with an endoanal coil in the anus or with surface phase array 
coils.(Beets-Tan, Beets, van der Hoop, Borstlap et al. 1999) The sphincter complex will be 
better visualized if the endoanal coil is used, but stretches the anal canal, just like EAUS, 
resulting in a non-physiologic depicture of the anatomy and, perhaps, discomfort for the patient.  
Both methods reveal lesions as well as atrophy of the sphincters.(Stoker 2008)  MRI has yet a 
long way before it can be considered a standard procedure in the evaluation of AI.  The main 
reasons for this probably are costs, and convenience.  EAUS can easily be done as part of the 
clinical examination in the office of the surgeon.   
 
1.7.3.6 Defecography 
Defecography provides a dynamic examination of the act of defecation.  It gives an impression 
of pelvic floor activity.  It has been shown that it can demonstrate abnormalities that were 



   

15 

unsuspected on clinical examination.(Mellgren, Bremmer, Johansson, Dolk et al. 1994)  The 
ano-rectal angle can be measured at this examination, but the wide interobserver variation 
makes these measurements of limited clinical value.  The value of defecography in the 
evaluation of the patient that is incontinent to stool lays in the diagnosis of internal rectal 
intussusception.   
 
1.7.3.7 Ano-rectal manometry 
ARM is used to derive information on pressures in the anal canal and the rectum.  The pressure 
during rest can provide information on the IAS and the squeeze pressure on the EAS.  The 
functional length, the high pressure zone, of the anal canal can also be determined as can the 
RAIR, RAER, and compliance of the rectum to allow distension and sensory thresholds in 
response to balloon distension.(Azpiroz, Enck and Whitehead 2002; Broens, Vanbeckevoort, 
Bellon et al. 2002; Bharucha 2006a)  ARM can be performed with a variety of equipment types.  
Water perfused systems are most commonly used and are affordable as well as reliable.  
Balloon systems and solid-state catheters are alternatives to the water perfusion systems.  
Measurements can be taken as the recording catheter is moving, at a constant speed, from the 
rectum and out through the anal canal (dynamic recording).  In stationary pull-through 
recordings, the catheter is moved from the rectum towards the distal anal canal in sequences; 
recordings are being made at each level, but not while the catheter is moving.  If an examiner 
uses a stationary technique, it means that the catheter is kept in place during the recording and 
not moved at all.  Each system mentioned above, as well as each laboratory, has its own range 
of normal values.   
 
1.7.3.8 Pudendal nerve motor latency 
The PNTML test is performed to evaluate whether pudendal neuropathy is at least partially 
responsible for the incontinence symptoms of the patient.  The examiner has attached a 
dedicated electrode to the top of the index finger and stimulates the pudendal nerve by reaching 
it, transanally, through the lateral rectal wall, where it traverses the ischial spine.  The electrode 
is attached to a pulse generator.  An electrode placed at the base of the examiner’s finger 
records the electromechanical response of the EAS.  The response is recorded by an 
oscilloscope.  A delay between stimulation and response of more than 2.3 ms is considered 
abnormal.  The clinical utility of the test is limited.(Bharucha 2006a) 
 
1.7.3.9 Electro-myography 
Anal EMG is a recording of the electrical activity from the muscle fibers of the EAS and PRM 
during rest, maximum squeeze, simulated defecation, and in response to reflexes.  Beck first 
reported on EMG of the anal sphincter in 1930.  This examination conveys information about 
neuromuscular integrity.  Denervation and reinervation would exemplify findings.   
 
 
1.8 TREATMENT OF OBSTETRICAL TEARS AND ANAL INCONTINENCE 

1.8.1 Primary repair of obstetrical sphincter tears 

A third or fourth degree obstetric perineal tear needs to be repaired to avoid future AI or even 
the formation of a cloaca.  In 1930, Royston described a technique in which a cat-gut suture, 
mattress or interrupted, was placed in the proximal third of the sphincter muscle and a second 
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stitch through the distal third.(Royston 1930)  Since then, many have described variations on 
this end-to-end-repair, which still is the most commonly used technique.  The results of primary 
repair have been disappointing both in short- and long-term follow-up.  Summaries of published 
studies are presented in Table 3 and 4. 
 
In 1971, Parks described the overlap technique for secondary sphincter repair.(Parks and 
McPartlin 1971)  Sultan has proposed the use of the overlapping technique also in the case of 
primary repair.(Sultan, Monga, Kumar and Stanton 1999)  Several randomized studies have 
evaluated the end-to-end technique vs. the overlapping technique for primary repair of obstetric 
sphincter tears and it is not clear that one technique is superior to the other.(Fitzpatrick, Behan, 
O'Connell and O'Herlihy 2000; Williams, Adams, Tincello, Alfirevic et al. 2006)  When 
reviewing the published results available it appears as if the interest, expertise and dedication of 
the involved surgeon are more important than whether an end-to-end or overlap technique is 
used.  
 
 
1.8.1 Treatment of anal incontinence 

The treatment of AI spans the spectrum between dietary alterations to the creation of a 
colostomy to deviate the fecal stream.   
 
1.8.1.1 Conservative treatment 
When considering the incontinent patient the surgeon needs to take into account the cause of the 
problem.  If the cause is rupture, repair is often the optimal treatment.  However, non-invasive 
management strategies carry less risk and are, many times, considered optimal also in this group 
of patients.   
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Table 3. Primary sphincter repair.  Anal incontinence at short-term follow-up (12 months or less) 
Study Country N FU AI FI Year 
Haadem et al, (Haadem, Ohrlander and 
Lingman 1988)   

Sweden 62 3 44  1988 

Nielsen at al.(Nielsen, Hauge, Rasmussen, 
Pedersen and Christiansen 1992)   

Denmark 24 12 29  1992 

Crawford et al (Crawford, Quint, Pearl and 
DeLancey 1993) 

USA 35 12 23 6 1993 

Sorensen et al (Sorensen, Tetzschner, 
Rasmussen, Bjarnesen and Christiansen 1993)   

Denmark 38 3 24  1993 

Sultan et al (Sultan, Kamm, Hudson and 
Bartram 1994)   

UK 34 2 41 9 1994 

Walsh et al (Walsh, Mooney, Upton and 
Motson 1996)   

UK 81 3 20 7 1996 

Fornell et al (Fornell, Berg, Hallbook, 
Matthiesen and Sjodahl 1996) 

Sweden 51 6 40 16 1996 

Go et al  (Go and Dunselman 1988) Netherlands 20 6 30 15 1998 
Goffeng et al (Goffeng, Andersch, Andersson, 
Berndtsson et al. 1998)   

Sweden 27 12 59 11 1998 

Sander et al (Sander, Bjarnesen, Mouritsen and 
Fuglsang-Frederiksen 1999) 

Denmark 48 1 21 4 1999 

Zetterström et al (Zetterstrom, Lopez, Anzen et 
al. 1999a)   

Sweden 46 9 41 2 1999 

Kammerer-Doak et al (Kammerer-Doak, 
Wesol, Rogers, Dominguez and Dorin 1999) 

USA 15 4 43 13 1999 

Fitzpatrick et al  (Fitzpatrick, Behan, O'Connell 
et al. 2000) 

Ireland 154 3 53 6 2000 

Fenner et al  (Fenner, Genberg, Brahma, Marek 
and DeLancey 2003) 

USA 165 6 30 ? 2003 

Davis et al (Davis, Kumar, Stanton, Thakar et 
al. 2003) 

UK 52 4 50 ? 2003 

Savoye-Collet et al (Savoye-Collet, Savoye, 
Koning, Sassi et al. 2003) 

France 21 4 57 29 2003 

Mackenzie et al  (Mackenzie, Parry, Tasker, 
Gowland et al. 2004) 

UK 53 3 25 7 2004 

Rieger et al (Mackenzie, Parry, Tasker et al. 
2004) 

Australia 51 3 45 25 2004 

Nichols et al  (Nichols, Lamb and 
Ramakrishnan 2005) 

USA 56 3 25 11 2005 

Garcia et al (Garcia, Rogers, Kim, Hall and 
Kammerer-Doak 2005)  

USA 26 3 42 15 2005 

Borello-France et al (Borello-France, Burgio, 
Richter, Zyczynski et al. 2006) 

USA 335 6 20 17 2006 

Nordenstam et al (Nordenstam, Mellgren, 
Altman, Lopez et al. 2008) 

Sweden 145 12 21 2 2008 

Tjandra et al  (Tjandra, Chan, Kwok, Yeh et al. 
2008) 

Australia 114 3 22 1 2008 

Follow-up (FU) in months, Anal incontinence (AI), Fecal incontinence (FI) 
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Table 4. Primary sphincter repair.  AI after obstetric sphincter injuries, Long-term follow-up 
Study Country N FU) AI FI Year 
Mellerup Sorensen et al (Mellerup Sorensen, 
Bondesen, Istre and Vilmann 1988) 

Denmark 25 78 42 - 1988 

Tetzschner et al (Tetzschner, Sorensen, Lose 
and Christiansen 1996) 

Denmark 72 24-
48 

42 17 1996 

Nygaard et al  (Nygaard, Rao and Dawson 
1997) 

USA 29 360 59 28 1997 

Wood et al  (Wood, Amos and Rieger 1998) Australia 84 31 17 7 1998 
Poen et al  (Poen, Felt-Bersma, Strijers, Dekker 
et al. 1998) 

Netherlands 117 56 40 - 1998 

Gjessing et al  (Gjessing, Backe and Sahlin 
1998) 

Norway 35 12-
60 

57 23 1998 

Sangali et al (Sangalli, Floris, Faltin and Weil 
2000)  

Switzerland 177 156 15 10 2000 

De Leeuw et al (De Leeuw, Vierhout, Struijk, 
Hop and Wallenburg 2001) 

Netherlands 125 168 31 - 2001 

Nazir et al  (Nazir, Carlsen, Jacobsen and 
Nesheim 2002) 

Norway 100 18 54 17 2002 

Wagenius et al  (Wagenius and Laurin 2003) Sweden 186 48 33 25 2003 
Norderval et al  (Norderval, Nsubuga, Bjelke, 
Frasunek et al. 2004) 

Norway 156 25 42 17 2004 

Pinta et al (Pinta, Kylanpaa, Salmi, Teramo 
and Luukkonen 2004)  

Finland 52 15 61 10 2004 

Pollack et al  (Pollack, Nordenstam, Brismar et 
al. 2004) 

Sweden 36 60 28 11 2004 

Norderval et al  (Norderval, Oian, Revhaug 
and Vonen 2005) 

Norway 71 27 31 7 2005 

Faltin et al (Faltin, Otero, Petignat, Sangalli et 
al. 2006)  

Switzerland 259 216 12 1 2006 

Starck et al (Starck, Bohe and Valentin 2006)  Sweden 41 48 37 - 2006 
Tjandra et al (Tjandra, Chan, Kwok et al. 
2008)  

Australia 114 19 22 1 2008 

Samarasekera et al (Samarasekera, Bekhit, 
Wright, Lowndes et al. 2008)  

UK 54 120 53 26 2008 

Nordenstam et al (Nordenstam, Altman, 
Brismar et al. 2009)  

Sweden 30 120 20 13 2009 

Follow-up (FU) in months, Anal incontinence (AI), Fecal incontinence (FI) 

1.8.1.1.1 Dietary considerations and bowel regimens 
A daily food diary can help the clinician and patient to single out foods that, if reduced or 
eliminated from the diet, can improve symptoms. The patient could suffer from lactose- or 
gluten-intolerance and recognition of a condition like this simplifies treatment.  Other foods that 
commonly are linked to diarrhea include alcohol, caffeine, fruits and leafy vegetables.  Patients 
can also benefit from the intake of 30 grams of fibre daily.  Bowel regimens, such as evacuation 
using enemas or suppositories, before outings may, in combination with diet modification, 
prove helpful to the patient.   

1.8.1.1.2 Medical treatment 
Antidiarrheal medications make up the major component of medical therapy for AI.  
Loperamide (Imodium®) and opium derivatives such as diphenoxylate (Lomotil®), codeine and 
tincture of opium are most commonly used.  These medications work by increasing the colonic 
transit time, increasing the fluid absorption and, in the case of loperamide, also increase of 
sphincter pressure.  Loperamide also has the advantage of a much lower risk of abuse than the 
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opium derived medications.  The constipated patient, with overflow incontinence, is better 
helped with the daily use of polyethylene glycol laxative (Mira-Lax®).  Tri-cyclic 
antidepressants can also have a therapeutic effect in this patient group and needs to be 
considered when aiming for the optimal treatment for the individual patient.(Santoro, Eitan, 
Pryde and Bartolo 2000) 

1.8.1.1.3 Physiological therapy 
Biofeedback as therapy for fecal incontinence was first described in 1974(Engel, Nikoomanesh 
and Schuster 1974), and has since then proved to be a safe and inexpensive adjunct to the 
treatment arsenal available for the incontinent patient.  A patient needs to have intact rectal 
sensation as well as the ability to contract the EAS voluntarily, to be a candidate for 
biofeedback therapy.  The patient, as part of the therapy, learns basic anatomy and physiology 
of the rectum and anal canal.  The idea is to improve sphincter strength, rectal compliance and 
pelvic floor coordination through exercises lead by a biofeedback therapist in four to eight 
weekly sessions.  Although the therapy improves symptoms in over 50% of patients 
subjectively, it has been difficult to show this objectively.(Norton 2004)  However, for the 
individual motivated patient, the therapy is risk free and can result in improvement of 
symptoms. 
 
1.8.1.2 Surgical treatment 
For the patient with moderate to severe symptoms of AI, as well as for patients who have failed 
conservative therapies, operative management of AI should be considered.   

1.8.1.2.1 Thiersch’s operation 
Thiersch’s operation was first described in 1891 as therapy for rectal prolapse and involves the 

encirclement of the anus. Since then, it has been 
adopted for the treatment of AI.  The actual 
encirclement can be performed using two small 
skin incisions-one anterior to and one posterior to 
the anal verge- and silk, nylon, silver wire, or even 
silastic bands.  This procedure is seldom considered 
beneficial for the treatment of AI today.   
A colostomy is preferred in the most severe cases.   
 
 
 
 
 
 
 
 
 
 
 
Figure 3. The Thiersch’s operation. From Goligher’s 
“Surgery of the Anus, Rectum and Colon,” 1961.  
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1.8.1.2.2 Overlapping sphincteroplasty 
Patients suffering from AI 
secondary to an OASI or an 
iatrogenic injury are best suited 
for surgical correction of their 
problem.  Fecal diversion is not 
beneficial in terms of wound 
healing or functional outcome, 
and, in addition, is a source of 
morbidity in itself.(Hasegawa, 
Yoshioka and Keighley 2000)  
Intravenous antibiotics and a full 
mechanical bowel preparation are 
given pre-operatively.   
 
 

Figure 4. Overlapping sphincteroplasty 
From Dykes & Lowry, Fecal 
Incontinence in: Current Surgical 
Therapy, 8 ed., 2004. 

 
An indwelling bladder catheter is inserted and the patient is placed in the prone jack-knife 
position on e operating table; the buttocks are taped apart.  A curvilinear perineal skin incision 
is made between the anal verge and vagina.  A flap of anoderm and anal mucosa is elevated off 
the IAS and the midline scar.  The dissection is carried up to the level of the anorectal ring.  The 
torn edges of the sphincter muscle are identified and mobilized from the isciorectal fossa and 
posterior vaginal wall.  Mobilization needs to allow overlap of the muscle ends without tension, 
but not so extensive that the posterolateral entry of the pudendal nerve branches that supply the 
sphincter complex are endangered.  2-0 absorbable mattress sutures are used to perform the 
overlap repair and 3-0 stitches are placed to re-establish the perineal body.  The skin is closed 
with 4-0 stitches over a Penrose drain.  The drain is removed in one or two days and the patient 
is held to a liquid diet until she has had her first post operative bowel movement.  The patient is 
taught to perform daily tap water enemas to avoid impaction caused by the combination of pain, 
narcotic use and the post-operative perineal edema.  50-60% of patients will experience good to 
excellent results, but symptoms reappear over time and long term results are worse.(Hawley 
1985; Buie, Lowry, Rothenberger and Madoff 2001)   

1.8.1.2.3 Plastic operations 
In situations when the anal sphincter muscle is completely destroyed, dynamic graciloplasty can 
be an option.  The gracilis muscle is a long muscle at the medial side of the upper leg. It is an 
auxiliary to the adductor muscles.  The operation involves detaching the muscle from its 
insertion, mobilizing it up to the neurovascular bundle and then tunnelling the muscle 
subcutaneously to the perineum.  The muscle is made to encircle the anal canal and is then 
attached to the inferior ramus of the pubis bone.  Unfortunately, the gracilis muscle normally 



   

21 

fatigues quickly since the majority of its muscle fibers are short-acting, or “fast twist.”  With 
chronic, low frequency stimulation, the muscle can change its fibre composition to become non-
fatigable; a non-fatigable muscle is a prerequisite for maintaining anal continence.  A stimulator 
gives constant stimulation to the muscle, but can be switched off to allow for defecation.  
Outcomes depend on the experience of the surgeon and success rates vary between 40-
80%.(Baeten, Geerdes, Adang et al. 1995) The technique is not approved in the United States.   

1.8.1.2.4 Artificial-sphincters 
Placement of an artificial bowel sphincter involves encircling the anus with a silicone cuff.  This 
cuff is connected to a pump and a pressure-regulating reservoir by the means of tubing.  The 
cuff remains inflated to help control continence, but by using the pump, placed in the labia or 
scrotum, the patient can empty the cuff and allow bowel evacuation.  The system can provide 
excellent results and the operation is easier to perform than the dynamic graciloplasty.  
However, erosion of the cuff through the anus or vagina and infections have been commonly 
reported.(Wong, Jensen, Bartolo and Rothenberger 1996)  Experimental studies have suggested 
the development of magnetic sphincters, but the experience with these experimental devices is 
limited.(Gruneberger and Hennig 1993; Bortolotti, Ugolini, Grandis, Montroni and Mazzero 
2008) 

1.8.1.2.5 Injectables 
Analogous to the periurethral injections used to treat urinary incontinence, injectables have also 
been used in the treatment of AI.(Vaizey and Kamm 2005) The submucosal injections are 
placed circumferentially, in the anal canal, above the dentate line.  Several different substances 
have been used and have been described as having good short-term effect, but comparative 
studies over the long-term are still lacking.(Maeda, Vaizey and Kamm 2008)   

1.8.1.2.6 Neuromodulation 
SNS, or SNM, is a technique that first was developed for the treatment of urinary voiding 
dysfunction.  It has also been shown to be beneficial in the treatment of FI.(Matzel, Stadelmaier, 
Hohenfellner and Gall 1995)  The second, third and fourth sacral nerve roots are stimulated via 
an electrode that is placed at the optimal site, usually the sacral foramen of S3, resulting in a 
contraction of the pelvic floor and anus.  The exact mechanism of action by which this method 
works is still under investigation.  The treatment has two stages: Firstly, the method is tested 
temporarily for three weeks.  The patient carries the temporary stimulator in a bag and records 
bowel habits in a diary during this time.  Secondly, if the trial period is deemed successful, a 
permanent electrode and stimulating device is implanted.  The average longevity of a stimulator 
is 8 years.  Long-term follow up has shown the method to be safe and successful in about 75% 
of cases.(Matzel 2007; Matzel, Lux, Heuer, Besendorfer and Zhang 2009) 
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2 AIMS 
 
The overarching aims of this thesis are to study the effects of childbirth on the anal sphincter 
complex and to clinically assess aspects on the treatment of anal sphincter lacerations at 
delivery. 
 
The specific aims were to:  
 

• study the prevalence of AI in primiparous women five years after their first delivery  

• evaluate the influence of subsequent childbirth on symptoms of AI  

• identify risk factors for the development of AI 

• investigate if a delayed primary repair of obstetrical anal sphincter injury affects subjective 

outcomes when compared to immediate primary repair with regard to AI 

• assess whether measures of morphology and function recorded at endoanal ultrasound 

and anorectal manometry correlates to symptoms of AI one year after primary repair 

of obstetric anal sphincter lacerations incurred during the first vaginal delivery  

• evaluate whether an endoanal ultrasound derived sphincter length-index could be 

derived and whether it correlates to subjective AI symptoms 
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3 STUDY DESIGN 
A variety of study designs have been described of which the randomised controlled trial, the 
cohort study, and the case-control study, are the most frequently used designs in clinical 
research.  Different study designs may be chosen because of suitability for investigating the 
question of interest, timing constraints, commonness of the exposure and outcome, limited 
financial and logistic resources, or other considerations.  We provide a short summary of study 
designs used in the present thesis.  
 
3.1   Cohort studies 
 
The cohort study is an observational study where subjects are selected based on their exposure 
status i.e. whether or not they have been exposed to a certain event, disease or environmental 
factor.  The study subjects should be at risk of the outcome under investigation at the beginning 
of the study; this usually means that they should be free from the outcome in question, but their 
exposure status may vary, when the cohort study starts.  The cohort is followed over time to 
assess their later outcome status in relation to the exposure.  
 

 
 
 
 
 
 
 
 
 
 
 
Figure 5.  A Roman cohort 
exemplify and gave name to 
the cohort study in which 
a number of study subjects 
are observed longitudinally 
over time to study disease 
occurrence.   

 
In a cohort study the time aspect is important to consider in the design phase and outcomes 
which are rare or with a significant delay-of-onset following a certain exposure may necessitate 
a large study population or a long FU period.  Cohort studies are informative for efficiently 
studying a wide-range of exposure-disease associations and the longitudinal and prospective 
data collection avoids recall bias and ascertainment bias.  However, the validity of the results 
among other factors often depends on the researchers' capacity to minimize loss to follow-up by 
cohorts subjects.  
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3.2   Case-control studies 
Case-control studies are observational studies where the researcher begins with a group of 
individuals who have an outcome or disease (cases) and then selects a group of individuals who 
do not have the disease (controls) (Figure X).  The groups are then compared in terms of past 
exposures.  If a certain exposure is associated with, or has caused the disease, a higher 
proportion of past exposure among the cases than among the controls would be expected.  A 
major advantage of the case-control study is that it is methodologically efficient and is 
particularly useful in the investigation of rare diseases.   
The case-control study may however be burdened by recall bias if or example patients are 
requested to relate a certain symptom to a previous event. Other sources of bias often causing 
problems in case-control studies are selection, ascertainment and classification bias.   
 

Figure 6.  Schematic description of a case-control study. 
 
 
3.3   Nested case-control studies 

The nested case-control design is defined as a study where both cases and controls are selected 
from a study population initially defined as a group of cases (or controls) in relation to a specific 
common outcome.  In the nested-case-control study, controls have not developed the disease by 
the time of disease occurrence in the cases. A nested case-control study design is often 
promoted for studies of predictors of disease. 
 
3.4   Randomized controlled trials 

The randomized controlled trial is, together with systematic reviews, considered the gold 
standard in clinical (interventional) research and is assigned evidence level 1.  The most 
common type of randomized trial is parallel group trial in which each trial participant is 
randomly assigned to a treatment group and all the participants in the group receive (or does not 
receive) a predefined intervention. The primary aim of a randomized clinical trial is to assess 
the efficacy of a treatment in comparison to other treatments, or sham treatments (placebo 
controlled trial), in two or more separate treatment groups in relation to a specific outcome. 
 
A fundamental advantage of the randomized trial is that it eliminates both known and unknown 
confounders, by using a random treatment assignment. Most clinical randomized trials are 



   

25 

based on the hypothesis that one intervention is statistically superior to another.  This type of 
randomized trial is referred to as a superiority trial. 
 
Keeping the study participants or outcome assessors unaware of which treatment has been 
assigned to an individual in the trial, is referred to as ‘blinding’ or ‘masking’ and aim to 
prevent bias in the reporting of the outcomes. However, blinding is sometimes ethically or 
methodologically impossible to perform, for example if a randomized trial involves two 
treatments at which participants are either treated immediately or after a time-delay. In these 
cases, it is preferable that outcome assessors are blinded to intervention to avoid reporting 
bias. 

A large number of randomization procedures have been described of which simple 
randomization and block-randomization are the most commonly used in clinical trials. 
Randomization procedures may use predetermined randomization lists, individually computer 
generated treatment assignment, as well as, simple randomization (i.e. flipping a coin). A 
‘simple randomization’ can be exemplified by randomly placing opaque sealed envelopes in a 
box from where treatment is assigned by randomly drawing an envelope regardless of 
sequence. The method is resistant to selection bias but may be associated with imbalanced 
groups if the total study population is small.   

To improve the reporting of randomized controlled trials, the CONSORT (Consolidated 
Standards Of Reporting Trials) guidelines was first published in 1996 (Begg, Cho, Eastwood, 
Horton et al. 1996) and has since then been adopted by most high-quality scientific journals. 
The CONSORT guidelines focus on reporting how the trial was designed, analyzed, and 
interpreted; the flow diagram displays the progress of all participants through the trial.   
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Figure 7.  Example of CONSORT flowchart of participants in randomized controlled trials. 
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4 PATIENTS 
 
Patients in all papers were derived from women who gave birth at the Obstetric Unit at 
Danderyd University Hospital.  Controls in paper IV were recruited by advertisement.  The 
studies and the number of participants included in the thesis are found in Table 5.  A graphic 
description of the studies is given in Figure 8. 
 

Table 5.  Studies and participants included in the thesis 
 

Study 
 

Study design  
 

Participants (n) 
Paper I 
Anal incontinence after vaginal delivery:  
a five-year prospective cohort study 

Cohort-study 
 

242 

Paper II 
Immediate or delayed repair of obstetric anal 
sphincter tears-a randomized controlled 
clinical trial 

RCT 165 
 

Paper III 
Impaired rectal sensation at anal manometry 
is associated with anal incontinence 1-year 
after primary sphincter repair in primiparous 
women 

Case-control 
study 

108 

Paper IV 
Correlation between a longitudinal anal 
sphincter index and symptoms of anal 
incontinence in women 

Case-control 
study 

135 

   
 

Figure 8.  Graphic description of study populations in the thesis. 

 
 
Follow-up (cohort) study 

(Paper I) 

N=242 

Ultrasound Study (Paper IV) 

n=116+19 

Morphology-function Study (Paper III) 

n=108 

RCT- Study (Paper II) 

n=165 

Delivery unit at Danderyd University Hospital 

Controls 

 

Follow-up Study 
(Paper I) 
n=242 
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4.1 PATIENS IN PAPER I 

During a 10-week study period, April 1 through June 9, 1995, 440 nulliparous women 
delivered at the Danderyd Hospital maternity ward. Women with duplex pregnancies (n=8), 
non-Swedish speaking (n=18) and women delivered by cesarean section (n=65) were 
excluded from the study.  The remaining 349 women were asked to participate in a 
prospective questionnaire study regarding symptoms of AI.  Questionnaires were distributed 
in the puerperal period, and at five months, nine months and five years postpartum.  
Questionnaires at five months, nine months and five years postpartum were sent by mail.  
Second and third attempts to obtain answers from non-responders were made by sending a 
second and a third questionnaire by mail.   
 
278 women answered the first three questionnaires and 242 women agreed to participate and 
completed a fourth questionnaire 5 years after the delivery.   At this time, 36 of 38 (95%) 
women with sphincter tears and 206 of 240 (85%) women without sphincter tears responded.  
Obstetrical data are presented in Table 6. 
 
One hundred and seventy-eight women had one or more subsequent vaginal or caesarian 
childbirths during the period between the nine-month and five-year FU (Table 7).  One 
woman with a previous sphincter injury and 2 women without previous sphincter tears 
experienced a new sphincter laceration during the follow-up period at their second vaginal 
delivery. 

Table 6.  Obstetrical characteristics of the follow-up study (Paper I) 
 Participants 

(n=242) 
Non-participants 
(n=107) 

Age 30±4 30±5 
Gestational age (days) 281±10 283±8 
1st Stage of labor (h) 7.4±5 7.2±4 
2nd Stage of labor (h) 1.4±1 1.3±1 
Epidural 30% 40% 
Upright delivery 
position 

53% 50% 

External fundal pressure 31% 27% 
Episiotomy 5% 2% 
Vacuum extraction 12% 7% 
Birth weight (g) 3505±463 3563±430 
Obstetrical tears   
No tear 11%  8% 
1st degree 28% 34% 
2nd degree 46% 50% 
3rd degree 14% 7% 
4th degree 1% 1% 
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Table 7.  Childbirth during the study period. (Paper I) 
 No Sphincter Tear 

(n=206) 
Sphincter Tear 

(n=36) 
No subsequent childbirth 44 9 
One subsequent vaginal delivery 134 20 
Two subsequent vaginal deliveries 20 3 
Three subsequent vaginal deliveries 1 0 
One subsequent c-section 8* 1 
Two subsequent c-sections 0 3 
*One woman had both a c-section and a vaginal delivery 
 
 
4.2 PATIENTS IN PAPER II 

The study was conducted over a 28-month period, February 2003 through May 2005, at 
Danderyd University Hospital, Stockholm, Sweden.   
Inclusion criteria included vaginal delivery, proficiency in the Swedish language, obstetrical anal 
sphincter injury according to the World Health Organization (WHO) adopted International 
Classification of Disease (ICD) 10th revision.(WHO 1992)  Exclusion criteria included excessive 
maternal bleeding from the vaginal rupture and medical conditions associated with a risk of 
abnormal obstetrical bleeding. 
 
During the study inclusion period, a total of 7272 women gave birth at Danderyd University 
Hospital, and 5561 of them delivered vaginally.  A 3rd or 4th degree obstetric anal sphincter 
injury was diagnosed in 416 women (7.5%) eligible for participation in the study.  After 
receiving verbal and written information, 165 of the 416 (40%) patients gave their informed 
consent to participate and were subsequently randomized:  78 subjects to immediate and 87 
subjects to delayed repair (Figure 9).  Reasons for not participating in the study or not 
complying with the assigned group following randomization are presented in the study flow-
chart (Figure 9).  There were no significant differences in pre-trial maternal characteristics, 
delivery characteristics or severity and distribution of anal sphincter injury between the groups 
(Table 8).   

 



   

30 

 
Figure 9: CONSORT diagram of patient progress through the trial. 
Flow chart explains flow of subjects to the two treatment arms and shows the incidence of returned symptom 
questionnaire at the three time points. * denotes that exclusion criteria were met. ** denotes that it is unknown why 
the subject not was included in the trial. 
 
 
Table 8.  Descriptive group statistics of participants in the RCT-study. (Paper II) 
 Immediate repair  

n= 78 
Delayed repair 

n= 87 
P-value 

 
Maternal age  31.8± 3.6 * 31.7± 3.5 0.78 ** 

Gestational week  39.7±1.3 39.8±1.3 0.71 
Previous vaginal deliveries     

0 64 (84.2%) † 69 (87.3%)  

0.82  
1 11 (14.5%) 9 (11.4%) 
2 1 (1.3%) 1 (1.2%) 

Duration of second stage (min)  8.1± 6.4 7.4± 4.3 0.52 
Duration of third stage (min)  0.95± 0.8 1.1± 1.0 0.50 
Birth weight (g)  3656± 502 3676± 494 0.80 
Fundal pressure  22 (28.2%) 33 (38.8%) 0.18 
Episiotomy  3 (3.9%)  10 (11.9%)  0.08 
Instrumental delivery  21 (26.9%) 31 (35.6%) 0.24 
Degree of anal sphincter injury     

< 50% of EAS 24 (31.2%) 12 (14.1%)  0.51 > 50% of EAS 30 (38.9%) 43 (50.6%) 
Complete EAS rupture and 
IAS torn 

23 (29.9%) 30 (35.3%) 

Wait for surgery (min)  212.0± 102.6 638.5± 154.0 < 0.001 
Time of surgery (min)  34.2± 14.3 33.3± 9.0 0.64 
EAS denotes external anal sphincter.  * Mean± S.D.  ** P-value from t-test for continuous variable and from Fisher 
Exact Test for categorical variables.  † Number and column percentage.  
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4.3 PATIENTS IN PAPER III 

Participants in the third study included primiparous women who were enrolled in and 
completed the RCT. Of 132 primiparous women, 108 were followed up with both EAUS and 
ARM at 1 year after the repair in addition to completing the symptoms questionnaires that were 
part of the randomized trial. We used a nested case-control study design in order to study the 
association between AI one year after primary repair of an obstetrical sphincter tear and 
findings at EAUS and ARM.  Based on anal continence status one year after first childbirth we 
divided the larger study group into two subgroups: cases were defined as primiparous women 
who reported AI (greater than 2 on the Pescatori scale) one year after primary sphincter repair 
(n=20) whereas controls were continent (2 or less on the Pescatori scale) primiparous women 
(n=88).  Nine of 20 cases belonged to the “delayed group” and 11 of 20 belonged to the 
“immediate group” in the original randomized study.  All patients underwent EAUS, ARM and 
responded to a symptom questionnaire at a mean of 13 months after having had primary repair 
of the anal sphincter.  Obstetrical characteristics for cases and controls are compared in Table 9. 

 
Table 9.  Obstetric characteristics of participants in morphology-function study (Paper III) 
 Incontinent 

n=20 
Continent 

n=88 
p-value 

Age 32.7 (3.47) 31.1(3.62) 0.07 
Gestational age 280.4 (8.85) 281.4 (9.35) 0.67 
Degree of tear 3rd/4th  16/4 81/7 0.12 
First stage (h) 8.15 (6,0) 7.97 (4.21) 0.88 
Second stage (h) 1.53 (1.61) 1.11 (0.89) 0.13 
External fundal pressure 7 (35%) 32 (36%) 0.91 
Instrumental delivery 10 (50%) 29 (33%) 0.16 
Upright birth position 4 (20%) 11 (13%) 0.39 
Mean birth weight (g) 3712 (632.4) 3586 (472.5) 0.32 
Breastfeeding  3/ (15%) 9 (10%) 0.5 
The incontinent- and continent groups are compared using univariate logistic regression analysis. 

 
 
4.4 PATIENTS IN PAPER IV 

Participants included 116 of 132 primiparous women with an obstetric sphincter injury who 
enrolled in and completed EAUS at one-year follow-up in the RCT.  Nineteen nulliparous 
women were recruited as a control group.  The controls were recruited by advertisement and 
offered SEK 1000 SEK (~$150) for their participation.  Exclusion criteria for controls were: any 
type of ano-rectal surgical procedure, anal trauma or anal radiotherapy, and previous 
participation in anal intercourse.  Table 10 describes characteristics for patients and controls. 
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Table 10. Obstetrical characteristics of ultrasound-study (Paper IV) 
 Primipara Controls 
Number 116 19 
Age (years, mean) 31.5 (30.8, 32.1) 24.6 (CI 23.5, 25.7) 
Obstetric characteristics   
Gestational age (days) 281 (280, 283) All nulliparous 
First stage of labor (h) 8.0 (7.1, 8.9) -  
Second stage if labor (h) 1.2 (1.0, 1.4) - 
Upright birth position 16/115 (13.9) - 
Episiotomy 9/115 (7.8) - 
Instrumental delivery 42/116 (36.2) - 

VE 37/42 ( - 
Forceps 5/42 - 

External fundal pressure 44/115 - 
Tear, 3rd degree 103/116 - 
Tear, 4th degree 13/116 - 
Fetal weight (g) 3590 (518) - 
For continuous variables, 95% confidence intervals in parentheses; For proportions  
percentages in parentheses. 
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5 METHODS 
5.1 DIAGNOSIS OF OBSTETRICAL SPHINCTER TEARS 

5.1.1 Paper II 

Following childbirth, the responsible midwife inspected the vaginal laceration in accordance 
with hospital routines.  1st and 2nd degree vaginal and perineal lacerations were classified and 
sutured by the midwife or an obstetrician.  In cases where the responsible midwife suspected a 
3rd or 4th degree perineal injury, the attending obstetrician was consulted to confirm or refute 
this finding.  In compliance with hospital routines, the physician’s clinical assessment also 
included the classification proposed by Sultan and recommended by the Royal College of 
Obstetricians and Gynaecologists: less than 50% of the external anal sphincter thickness, more 
than 50% of the external anal sphincter thickness, total external anal sphincter rupture with torn 
internal anal sphincter and total external anal sphincter rupture with rupture of the rectal 
mucosa, registered in hospital charts.(Sultan, Monga, Kumar et al. 1999)   
 
5.2 PRIMARY SPHINCTER REPAIR 

5.2.1 Paper II 

In patients randomized to immediate repair, standard procedures were followed and the 
obstetrician on call repaired the anal sphincter injury.   
 
Patients randomized to a delayed repair waited at least eight hours before a member of the study 
team repaired their injury.  The study team consisted of three obstetricians and three colorectal 
surgeons.  The experience of the participating “study team” physicians varied. (Table 11) The 
three obstetricians also repaired injuries of women in the immediate group as they were on call.  
Infection prophylaxis consisting of intravenously administered Cefuroxime (1.5g) and 
Metronidazole (1g) was initiated before the surgery was started; all repairs were performed in 
the operating theatre. We used 3-0 Polysorb® (braided Lactomer) when repairing the anal 
mucosa, 0-0 Polysorb® for the sphincter and 2-0 Polysorb® for the perineal body. We used 4-0 
Caprosyn® (monofilament polyglytone) for the perineal skin.   
 
Postoperatively, pain was controlled with either paracetamol and/ or codeine.  Patients were 
given laxatives, usually lactulose, fibers or stool softener, to reduce the risk for constipation.  
Patients were advised to use handheld showers for keeping the area clean. 
 
Table 11.  Experience and degree of involvement of Physicians (Paper II) 

Specialist 
experience 

 Operations Immediate group  Operations delayed group 

< 1 year 41% 41% 

1-5 years 28% 12% 

>5 years 31% 47% 
The table describes the experience level of the Physicians involved in the study, and the percentage of  
operations in each of the two groups that were performed by Physicians with a certain range of experience 
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5.3 RANDOMIZATION 

5.3.1 Paper II 

Patients were randomized to immediate or delayed repair using opaque envelopes, each 
containing instructions for either “immediate” or “delayed” repair. The envelopes were shuffled 
and placed in a box in the delivery ward.  If a 3rd or 4th degree obstetrical tear was confirmed 
and the patient agreed to participate in the study, the midwife randomized the patient by 
drawing the next sealed envelope from the randomization box.   
 
The manuscript and data presentation were in accordance with the revised CONSORT 
statement for parallel group randomized trials.(Moher, Schulz and Altman 2001)  
 
 
5.4 QUESTIONNAIRES 

5.4.1 Paper I - IV 

The questionnaire contained 22 items on symptoms of AI and ano-rectal dysfunction, and 
previously used by our group.(Zetterstrom, Lopez, Anzen et al. 1999a)  It has been found to be 
reliable, valid and sensitive to change.(Sangalli and Marti 1994; Osterberg A 1996) The patients 
recorded the frequency of incontinence to gas, liquid and solid stool by responding to one of the 
alternatives of an ordinal frequency scale: never, less than or once per week, more than once per 
week, and daily. (Appendix)   
 
The first questionnaire postpartum also included questions on general heath.  The questionnaire 
at five-year follow-up included medical history as well as obstetrical history. Detailed medical 
data on maternal outcome was retrieved from patient obstetric charts.   
 
In Paper I the questionnaire had been distributed in the delivery ward just after childbirth and 
again by mail at 6 and 9 months postpartum. At the five-year follow-up it was distributed by 
mail. 
 
In Paper II the questionnaires were distributed in the delivery ward just after childbirth and by 
mail at 6 and 12 months postpartum.  A telephone call was made to subjects who did not 
respond within 3 weeks of the first mail-out, and a second letter was sent out after an additional 
two weeks if the subject still had not responded.   
 
The controls in Paper IV filled out the questionnaire at the time of their ultrasound examination. 
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5.5  ANAL INCONTINENCE SCORE 

5.5.1 Paper II, III and IV 

We used an incontinence score on a scale from 0 to six as described by Pescatori, where 0 
corresponds to continence and 6 to daily incontinence of solid stool.(Pescatori and 
Quondamcarlo 1999) (Table 2)  The scoring system has previously been used at our institution 
and has been shown to be reliable, sensitive to change and to correlate to clinical assessment of 
incontinence.(Vaizey, Carapeti, Cahill and Kamm 1999; Norderval, Nsubuga, Bjelke et al. 
2004) 
 
In Paper II the scores were calculated before childbirth and at six and 12 months follow up. 
In Paper III, we divided the larger study group into two subgroups: cases were defined as 
primiparous women who reported AI (greater than 2 on the Pescatori scale) one year after 
primary sphincter repair (n=20) whereas controls were continent (2 or less on the Pescatori 
scale) primiparous women (n=88).  Nine of 20 cases belonged to the “delayed group” and 11 of 
20 belonged to the “immediate group” in the original randomized study. In Paper IV the 
incontinence score was correlated to anal sphincter length 
 
5.6 ANORECTAL MANOMETRY (ARM) 

In Paper III, one of the researchers (JFN) performed all ARM examinations; the patients were 
all in the left lateral position.  An eight-channel water-perfused manometry system with the 
Synectics Polygram v 2.2 software (Medtronic Diagnostics, Minneapolis, MN) was utilized.  A 
stationary pull-through technique was used to record anal resting and squeeze pressures at 6, 5, 
4, 3, 2 and 1 cm from the anal verge.  The manometry machine calculated the mean pressure at 
each level. 
 
The level with the greatest mean resting pressure was selected as the maximal resting pressure 
and the level with the greatest mean squeeze pressure was selected as the maximum squeeze 
pressure.  The mean resting pressure and mean squeeze pressures were calculated by calculating 
the mean of the resting and squeeze pressures at the 1, 2 and 3 cm levels.  The volume of first 
sensation of rectal filling (VFS), the volume of first urge (VFU) and the maximum tolerated 
volume (MTV) were determined by inflating a balloon with the manometry catheter positioned 
at 6 cm from the anal verge. 
 
5.7 ENDOANAL ULTRASONOGRAPHY 

In Paper III one of the researchers (JFN) performed all EUAS examinations; the patients were 
in the left lateral position during the examination.  The examinations were performed using a 
360-degree rotating 10-MHz endosonographic probe (Type 1850, B & K, Herlev, Denmark).  A 
sonolucent plastic cap with a diameter of 17 mm protected the transducer and was filled with 
degassed water for acoustic coupling.  The probe was covered with a latex condom, and 
carefully inserted through the anus and passed to the rectum.  Axial images were stored at 0,2 
mm step intervals using a special pullback probe mover after which PC-processing of these 
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images reconstructed a 3-dimensional image of the sphincter complex.  The 3-D image was 
assessed for continuity of the external- (EAS) and internal anal sphincter (IAS) at the upper-, 
mid-, and lower levels of the anal canal.  The anterior and posterior lengths of the EAS and IAS 
were measured.   
 
In Paper IV, one investigator (JZ) performed all ultrasonographic examinations of the controls 
using a Bruel and Kjaer (Naerum, Denmark) ultrasonograph with a 3-dimensional endo-probe 
and a 14 MHz transducer.  Another investigator (JFN) performed all the examinations of the 
primiparous women.  All examinations were performed in an identical manner using a 
predetermined examination protocol.  The ultrasonographic data resulting from all examinations 
were saved as “three-dimensional image blocks” that later would be interpreted by one 
examiner (JZ).  At least 3 months passed between the examination and the interpretation of 
images.  We used a standardized system to interpret the images: 
 
1. The “block” was quickly scanned in the transverse, sagittal and coronal orientations in 

order for the examiner to judge the quality of the examination and to get an overview of the 
imaged anal canal.  

2. A mid sagittal view of the anal canal was obtained and oriented so that the distal end of the 
external anal sphincter also was the distal end of the “block.” The examiner evaluated 
whether the transverse perinei muscle or the bulbocavernosus muscles were present in the 
midline (Figure 10). 

3. The “anterior” part of the block was reduced until the level posterior to the transverse 
perinei muscle was reached. The anterior portion of the external anal sphincter was 
evaluated for the presence of a V-shaped defect. The length of the anterior external anal 
sphincter was measured from the edge of the “block” to the proximal edge of the anterior 
external anal sphincter or the “bottom of the “V” (Figure 11). 

4. The block was now rotated 90 degrees and reduced from the proximal side of the transverse 
orientation until the distal site of the puborectalis sling was reached. This level was used to 
define the proximal end of the anterior/posterior internal anal sphincter as well as the 
proximal edge of the posterior external anal sphincter. (Figure 12) 

5. The distal end of the transverse plane was now extended until the distal edge of the 
posterior external anal sphincter was reached. (Figure 13)  

6. The length of the posterior EAS was measured in mm in the sagittal plane. (Figure 14) 
7. The length of the anterior IAS was measured in mm in the sagittal plane. (Figure 14) 
8. The length of the posterior IAS was measured in mm in the sagittal plane. (Figure 14) 
9. An anterior/posterior score was calculated for both the EAS and the IAS by dividing the 

length of the anterior external/internal sphincter with the corresponding length of its 
posterior counterpart. The ratio of the anterior length of the EAS and the posterior length of 
the EAS is called the EAS index and the ratio of the anterior IAS length and the posterior 
IAS length is the IAS index. 
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Figure 10.  3-D Mid sagittal view of the anal canal.  
EAS denotes External Anal Sphincter. IAS denotes Internal Anal Sphincter. 
 

 
Figure 11.  3-D Anterior view of EAS. Note the V-shaped slit in the proximal anterior EAS.   
EAS denotes External Anal Sphincter. 
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Figure 12.  3-D Sagittal view of the anal canal defining the plane that represents the origination 
of the IAS and posterior EAS.  EAS denotes External Anal Sphincter. IAS denotes Internal  
Anal Sphincter. The proximal edge of the “box” defines the proximal edge of the anterior IAS, 
posterior IAS and posterior EAS. 

 
Figure 13.  3-D Sagittal view of the anal canal. The length of the IAS and EAS can now  
easily be measured. 
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Figure 14.  3-D Sagittal view of the anal canal. The distance between the orange arrows marks 
the length of the posterior EAS; distance between purple arrows marks length of IAS. EAS 
denotes External Anal Sphincter. IAS denotes Internal Anal Sphincter. 
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5.8 STATISTICAL METHODS 

5.8.1 Paper I 

In Paper I, the Chi-square test was used for analyzing the change of AI over time.  When 
analyzing risk factors for development of AI, the study population was limited to women 
without any symptoms before the first pregnancy (n=223).  The association between AI at 5 
years and maternal, fetal, and obstetric factors, was analyzed using multi-variable logistic 
regression in a forward stepwise procedure.(Hosmer and Lemeshow 1989) Duration of labor 
was dichotomized at 12 hours and second stage of labor at 1 hour.   
 
5.8.2 Paper II 

In Paper II AI was chosen as the primary outcome variable and defined according to the 
incontinence score previously described.  A power calculation was based on assumed 
proportions of AI at three time points in two different groups. The proportions were set at 0.1: 
0.1, 0.6: 0.55 and 0.35: 0.15, and then converted to the following Pescatori scores: 0.2: 0.2, 
1.75: 1.5 and 1: 0.4. The methodology proposed by Rochon (Rochon 1998), and the SAS macro 
GEESIZE was then utilized to perform the sample size calculation, 150 patients (75 in each 
group) were considered sufficient to detect the assumed difference between the two groups at 
80% power and alpha=0.05.  Group assignment was coded in the database and all statistical 
analyses were performed blinded until completed.  
 
For the descriptive statistics in table 8, the Student’s t-test was used for continuous variables 
whereas Fisher’s Exact Test was used for categorical variables.   
 
For pelvic floor symptoms that were ordinal variables and were measured repeatedly at 
baseline, six months and twelve months, we applied a proportional odds model to compare the 
probabilities of having increasing pelvic floor symptoms between groups over time.(McCullagh 
1980)  P-values for multiple comparisons at different time points were adjusted by the 
Bonferroni method.  Further, for the symptoms of flatus incontinence, inability to discriminate 
faeces from flatus and faecal urgency we adjusted for covariates such as age, number of 
childbirths, fundal pressure, instrument delivery, episiotomy and degree of surgery tear.   
 
For continuous variables that were measured repeatedly, such as the Pescatori incontinence 
score, we applied a linear mixed model with random subject effect to evaluate treatment group 
and time effects.(Verbeke and Molenberghs 2001)  Time points were treated as discrete 
variables.  We chose an unstructured covariance matrix.  P-values were adjusted by the 
Bonferroni method, since we performed comparisons at different time points.   
 
We used the statistical software package SAS 9.1 (SAS Institute Inc. Cary, N.C., U.S.A.) for all 
statistical analyses.  The significance level was set at an alpha of 0.05.   
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5.8.3 Paper III 

The study in Paper III had been nested into the RCT study and was designed to study the 
association between AI one year after primary repair of an obstetrical sphincter tear and 
findings at EAUS and ARM.   
 
Univariate logistic regression was performed to investigate the association between symptoms 
of AI, obstetric events and diagnostic measures at EAUS and ARM.  The 26 variables listed in 
Tables 9 and 18 were tested for univariate association with AI.  Ten variables included the age 
and obstetrical characteristics of the women (Table 9), nine variables were ultrasound specific 
and seven specific for ARM (Table 18).   
 
Variables with a p-value of less than 0.25 in the univariate analyses were then incorporated into 
a step down multivariate logistic regression model.  Associations are presented as odds ratios 
(OR) with 95% confidence intervals (CI). All analyses were performed using JMP v. 7.0.2. 
(SAS institute, Cary, N.C., U.S.A).   
 
5.8.4 Paper IV 

In the ultrasound study we assumed that the normal variation in anal sphincter length between 
individuals is up to 10%.  With this assumption, a power of 83% was achieved if at least 17 
individuals were included in the control group.  We calculated means and 95 % confidence 
intervals or “normal values” for the anterior and posterior lengths of the IAS and EAS.  In 
addition we calculated the anterior/posterior scores for both the EAS and the IAS.  We used 
Wilcoxon’s non-parametric test to compare numerical means between groups.  All analyses 
were performed using JMP v. 7.0.2. (SAS institute, Cary, N.C., U.S.A).   
 
5.9 ETHICS APPROVAL 

All studies were approved by the Local Ethics Committee, Karolinska Institutet, Stockholm.  
Ethical permit numbers:  00-225, Paper I, 00-227, Paper II, III and IV, 2007/1:3  Paper IV. 
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6 RESULTS 
6.1 PREVALENCE OF ANAL INCONTINENCE FIVE YEARS AFTER FIRST 

DELIVERY 

In the cohort study, 242 of the 349 primiparous women (69 %) participated and completed all 
four questionnaires.  Thirty-six (15%) of these women had a sphincter tear at their index 
delivery. 19 of 242 women (8 %) reported some degree of AI symptoms before their first 
vaginal delivery.  After 9 months, 68 of 242 women (28%) reported AI symptoms and after five 
years 85 of 242 women (35%) reported symptoms of AI (p<0.0001). 
 
6.1.1 Women with anal sphincter lacerations 

Sixteen of 36 women (44%) who sustained a sphincter tear at their first vaginal delivery 
reported some degree of AI at 9 months FU (Table 12).  At the five-year FU, 19 of 36 women 
(53%) were incontinent (p=0.0022) (Figure 15).  Forty-two percent of the women were 
incontinent to flatus only and 11 percent were incontinent to feces (Table 12). 
Nine of the 36 women with a sphincter tear at the first delivery (25%) had no additional 
childbirths during the study period.  Of these 9 women, four (44%) reported AI symptoms at 
nine months postpartum and this incidence was identical (44%) at the 5-year FU (N.S.) (Figure 
16).  Twenty-seven of the 36 women (75%) with a sphincter tear at the first delivery had one or 
more subsequent childbirths.  Of these 27 women, 12 (44%) reported AI symptoms at the 9-
month FU and 15 (56%) at the 5-year FU (p=0.0094). 
 
6.1.2 Women without anal sphincter laceration at first birth 

Among the 206 women without detected sphincter tears at their first vaginal delivery, 52 (25%) 
reported some degree of AI at 9 months FU. At the five-year FU 66 (32%) women reported 
symptoms of AI (p<0.0001) (Figure 16).  Twenty-seven percent of the women were incontinent 
to flatus only whereas 5% also experienced fecal incontinence (Table 12). 
 
Table 12.  Degree of fecal incontinence and involuntary flatus (Paper I) 
Symptoms Sphincter Tear No Sphincter Tear 
 9 Mo after Delivery 5 Yrs after Delivery 9 Mo after Delivery 5 Yrs after Delivery 
No Incontinence 56% (20/36) 47% (17/36) 75% (154/206) 68% (140/206) 
Fecal incontinence     
< 1 / week 0 11% (4/36)** 1% (3/206)* 4% (9/206)*** 
> 1 / week 0 0 0 0.5% (1/206)**** 
Daily 0 0 0 0 
Involuntary flatus     
< 1 / week 33% (12/36) 25% (9/36) 16% (33/206) 22% (45/206) 
> 1 / week 11% (4/36) 22% (8/36) 7% (14/206) 7% (15/206) 
Daily 0 6% (2/36) 1% (3/206) 2% (5/206) 
*One woman also had incontinence to flatus, ** All women were also incontinent to flatus 
*** All but one woman were also incontinent to flatus, **** The woman also were incontinent to flatus 
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Forty-four of the 206 women without a sphincter tear at the first delivery (21%) had no 
additional childbirth during the study period.  Of these 44 women, 9 (20%) reported symptoms 
of AI at the 9-month FU and 11 (25%) at the 5-year FU (p<0.0001).  One hundred and sixty-
two of the 206 women without a sphincter tear at their first delivery (79%) had one or more 
subsequent childbirths during the study period.  Of these 162 women, 44 (27%) reported AI 
symptoms at the 9-months postpartum and 70 (34%) at the 5-year FU (p=0.0004). 

 

6.1.3 Risk factors for anal incontince 

When analyzing obstetrical risk factors potentially involved in the development of AI five years 
postpartum, multivariate logistic regression analysis was used. Age, duration of labor at the first 
delivery, sphincter tear at the first delivery, and subsequent childbirth came out as independent 
risk factors.  Analyzed variables and odds ratios are shown in Table 15.  The strongest risk 
factor detected when using multivariate regression, was the presence of AI after the first 
delivery, and it could be used as a predictor of persistent AI at 5-year FU.   For all women, 
without any symptoms before their first pregnancy, AI at both five (OR 3.8) (CI 2.0; 7.32) and 
nine months (OR 4.3) (CI 2.2; 8.2) postpartum was a significant risk factor for persistent 
symptoms at 5-year FU.  When analyzing women with sphincter tears separately, corresponding 
odds ratios were 5.3 (1.2; 23.3) at 5 months and 7.8 (1.6; 38.8) at nine months.   
 
Figure 15.  Incidence of AI (Paper I)   
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Figure 16.  AI at 9 months and 5 years in relation to subsequent childbirth (Paper I).   
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Sphincter refers to tear or no tear at the index delivery. 
 

6.2  ANAL SPHINCTER LACERATIONS AND TIME TO PRIMARY REPAIR 

In Paper II, the degree and frequency of symptoms at baseline, were similar in the two groups 
(Table 13).  26 of 165 subjects (15.8%) reported AI, as defined by an incontinence score of two 
or higher.  There were no significant differences between the study groups when comparing the 
proportion of subjects with symptoms of flatus incontinence, liquid stool incontinence, solid 
stool incontinence, faecal urgency, or the inability to distinguish flatus from faeces (Table 13).  
 
6.2.1 Pescatori scores  

There were no significant differences in the adjusted Pescatori incontinence scores between the 
two study groups. (Figure 17)  The incontinence score increased between baseline and six 
months and this increase was statistically significant (p<0.0001).  This increase remained 
significant at 12 months, (p<0.001) even though symptoms improved slightly between six and 
twelve months. (Figure 17)   
The prevalence of AI symptoms, at 12 months, in relation to the extent of external anal 
sphincter injury is presented in Table 3r.  The Pescatori incontinence score was not significantly 
associated with the extent of sphincter injury.  (All three adjusted pair wise p-values = 1.0)  No 
patient, in either group, had a breakdown of the wound or a wound abscess.  
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6.2.2  Probability of symptoms after repair 

When evaluating symptoms of flatus incontinence, inability to discriminate flatus from faeces 
and faecal urgency with adjustments for the covariates mentioned previously in the statistic 
analyses section, we did not find a significant difference in the probability of having an increase 
in any of the symptoms between groups.  The increases in symptoms described in Table 13 
remained after this multivariate analysis.  Additionally, the symptom of faecal urgency now 
increased significantly between baseline and six months. (p=0.01)  Age proved to be a predictor 
for flatus incontinence (p=0.01), and the inability to discriminate flatus from faeces (p=0.01) in 
this patient group.  

 

Figure 17: Least square means of AI score according to Pescatori.  The diagram shows the adjusted Pescatori 
score for AI over time.  The dotted line represents the patients randomized to delayed repair whereas the continuous 
line represents the score for patients operated immediately. (Paper II) 
 



   

  

Table 13.  Pelvic floor symptoms at baseline, 6 months and 12 months follow-up by treatment group (Paper II) 
 Baseline 6 months FU 12 months FU P-value* 

 
P-value 

 
 Immediate 

 
Delayed 

 
Immediate Delayed Immediate Delayed Chance of 

symptoms 
deteriorating 

between baseline 
and 6 months 

Chance of 
symptoms 

deteriorating 
between baseline 
and 12 months 

Chance of 
symptoms being 

worse in one 
group than the 

other 
Flatus incontinence 

Never 
<1 per week 
>1 per week 

Daily 

N=78 
68 (87.2%) 
6 (7.7%) 
4 (5.1%) 

- 

N=84 
68 (81.0%) 
8 (9.5%) 
7 (8.3%) 
1 (1.2%) 

N=78 
32 (41.1%) 
20 (25.6%) 
17 (21.8%) 
9 (11.5%) 

N=83 
30 (36.1%) 
31 (37.4%) 
19 (22.9%) 
3 (3.6%) 

N=71 
36 (50.7%) 
21 (29.6%) 
8 (11.3%) 
6 (8.4%) 

N=84 
48 (57.1%) 
23 (27.4%) 
10 (11.9%) 
3 (3.6%) 

 
 

<0.0001 

 
 

<0.0001 
 
 

 
 

0.84 

Liquid stool incontinence 
 Never  

<1 per week 
>1 per week 

Daily 

N=78 
77 (98.7%) 
1 (1.3%) 

- 
- 

N=84 
80 (95.2%) 
4 (4.8%) 

- 
- 

N=78 
70 (89.7%) 
6 (7.7%) 
2 (2.6%) 

- 

N=83 
78 (94.0%) 
5 (6.0%) 

- 
- 

N=72 
67 (93.1%) 
4 (5.5%) 
1 (1.4%) 

- 

N=84 
81 (96.4%) 
2 (2.4%) 
1 (1.2%) 

- 

 
 
 

0.06 

 
 
 

0.44 

 
 
 

0.62 

Solid stool incontinence 
Never 

<1 per week 
>1 per week 

Daily 

N=78 
78 (100%) 

- 
- 
- 

N=84 
83 (98.8%) 
1 (1.2%) 

-  
- 

N=78 
73 (93.6%) 
4 (5.13%) 
1 (1.3%) 

- 

N=83 
79 (95.2%) 
3 (3.6%) 
1 (1.2%) 

- 

N=72 
71 (98.6%) 

- 
1 (1.4%) 

- 

N=84 
84 (100%) 

- 
- 
- 

 
 
 

0.009 

 
 
 

1.00 

 
 
 

0.72 

Fecal urgency 
Never 

<1 per week 
>1 per week 

Daily 

N=77 
70 (90.9%) 
5 (6.5%) 
2 (2.6%) 

- 

N=84 
78 (92.9%) 
4 (4.8%) 
2 (2.4%) 

- 

N=77 
66 (85.7%) 
6 (7.8%) 
3 (3.9%) 
2 (2.6%) 

N=82 
69 (84.2%) 
9 (11.0%) 
4 (4.9%) 

- 

N=71  
61 (85.9%) 
9 (13.0%) 
1 (1.4%) 

- 

N=84 
75 (89.3%) 
5 (5.9%) 
4 (4.8%) 

- 

 
 

0.06 

 
 

0.31 
 

 
 

0.76 

Inability to discriminate 
flatus from feces 

 Never 
<1 per week 
>1 per week 

Daily 

N=78 
 

77 (98.7%) 
1 (1.3%) 

- 
- 

N=84 
 

81 (96.4%) 
2 (2.4%) 
1 (1.2%) 

- 

N=78 
 

71 (91.0%) 
5 (6.4%) 
2 (2.6%) 

- 

N=83 
 

75 (90.4%) 
6 (7.2%) 
2 (2.4%) 

- 

N=72 
 

65 (90.3%) 
6 (8.3%) 
1 (1.4%) 

- 

N=84 
 

75 (89.3%) 
8 (9.5%) 
1 (1.2%) 

- 

 
 
 

0.02 

 
 
 

0.002 

 
 
 

0.66 

Table 13 shows the frequency of pelvic floor function disturbances in the two study groups, as described by patients at baseline, 6 and 12 months.  There is no significant 
interaction between treatment groups and time.  P-values of multiple comparisons at different time points are adjusted by the Bonferroni method. 
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Table 14.  Prevalence of AI in relation to extent of external anal sphincter injury at 12 months 
follow-up. (Paper II)   

 IIIa  
(<50% injury 

to EAS) 

 
 

IIIb  
(>50% injury 

to EAS)  

 
 

IIIc  
(IAS also torn) 

 
 

 n= 36 * % n= 73 * % n=53 * % 
Flatus incontinence       

Never 22 66.7 36 52.2 25 49.0 
< 1 / week 8 24.2 21 30.4 15 29.4 
> 1 / week 3 9.1 7 10.1 8 15.7 
Daily - - 5 7.3 3 5.9 

Fecal urgency       
Never 30 88.2 58 84.1 46 92.0 
< 1 / week 3 8.8 8 11.6 3 6.0 
> 1 / week 1 2.9 3 4.3 1 2.0 
Daily - - - - - - 

Loose stool  
incontinence 

      

Never 32 94.1 66 95.7 48 94.1 
< 1 / week 1 2.9 3 4.3 2 3.9 
> 1 / week 1 2.9 - - 1 2.0 
Daily - - - - - - 

Solid stool incontinence       
Never 33 97.1 69 100 51 100 
< 1 / week - - - - - - 
> 1 / week 1 2.9 - - - - 
Daily - - - - - - 

Discriminate flatus from 
feces 

      

Never 33 97.1 60 86.9 45 88.2 
< 1 / week 1 2.9 8 11.6 5 9.8 
> 1 / week - - 1 1.5 1 2.0 
Daily - - - - - - 

Pescatori score 0.91 (1.36)  0.96 (1.21)  1.22 (1.32)  
Total number of frequency for each outcome maybe smaller due to missing values.  EAS denotes external 
anal sphincter. IAS denotes internal anal sphincter.  Degree of injury to EAS estimated at clinical 
examination.  Classification of sphincter tears as proposed by Sultan.  
 

6.3  CLINICAL CORRELATES OF ANAL INCONTINENCE 

In Paper III, all variables listed in Tables 9 and 18 were tested for association with 
incontinence status one year after primary repair in univariate logistic regression analysis.  
A total of 11 variables, (age of patient at injury, degree of sphincter tear, duration of 
second stage of delivery (h), instrumental delivery, distal scar at EAUS, mean of 
maximum resting pressures at ARM, mean of maximum squeeze pressures at ARM, mean 
of mean squeeze pressures at ARM, VFS at ARM, VFU at ARM and MTV at ARM) had 
a p-value of less than 0.25 at univariate analysis and were subsequently analyzed further 
in a multivariate model.  After adjustment for all 11 variables in the full model, the 
following five variables were found to have an independent association with AI one year 
after the delivery: maternal age at injury, degree of anal sphincter tear (3rd or 4th); duration 
of second stage of labor; presence of a distal anal sphincter defect at EAUS; and volume 
of first sensation at rectal filling (Table 16).  
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Table 15. Factors associated with AI at 5 years after first vaginal delivery (Paper I) 
 Univariate analysis 

Odds Ratio (95% CI) 
Multivariate analysis 

Odds Ratio (95% CI) 
Age 1.5 (1.1, 2.2) 2.2 (1.0, 4.6) 
Duration of labor > 12 hrs 2.3 (1.1, 4.7) NS 
Head circumference 0.9 (0.84, 0.99) NS 
Sphincter tear 2.5 (1.2, 5.3) 2.3 (1.1, 5.0) 
Subsequent childbirth 2.4 (1.1, 5.5) 2.4 (1.1, 5.6) 
Analyzed, but not significant variables were; Gestational age, Duration of second stage > 1 h, Use of 
oxytocin, Epidural anesthesia, Paracervical block, Pudendal block, External fundal pressure, Instrumental 
delivery (VE/forceps), Episiotomy, Upright birth-position, Birth weight 
 
Table 16.  Risk factors for AI at multivariate logistic regression (Paper III) 
 OR  Lower 95% CI Upper 95% CI 
Age at first childbirth (years) 1,25 † 1,05 1,51 
Degree of tear (3rd/4th) 5,89 1,03 32,44 
Second stage of labor (h)  1,77 † 1,09 2,84 
Distal anal sphincter defect on EAUS 5,99 1,20 29,78 
VFS on manometry (ml) 1,03 † 1,006 1,06 
VFS denotes volume of first sensation at rectal filling, EAUS endoanal ultrasound. 
† Odds ratio (OR) per unit in regressor 
 
 
6.3.1 Anal incontinence and findings at anorectal manometry and endoanal 

ultrasonography 

In paper III all participants were a subgroup from the RCT consisting of 108 primiparous 
women only. The mean age of the patients was 31.4 (median: 31.5; 95% CI: (30.7, 32.1) 
years.  A third degree perineal tear was diagnosed in 97/108 patients (89.8%, 95% CI: 
(82.7%, 94.2%)) and a fourth degree tear in 11/108 patients (10.2%, 95% CI: (5.8%, 
17.3%)).  Among women with a 3rd degree laceration the mean Pescatori AI score was 1.1 
(median: 0; 95% CI: (0.82, 1.4)) compared to 1.6 (median: 2; 95% CI: (0.72, 2.6)) in 
women with a 4th degree injury.   
 
Table 17 presents symptoms of AI in the two groups.  In the majority of patients, flatus 
incontinence was the dominant complaint whereas fecal incontinence to loose or solid 
stool occurred only in four cases.  Fecal urgency was relatively uncommon in both 
groups.  The mean Pescatori score was 3.3 (median: 3; 95% CI (3.1, 3.5)) in patients 
classified as incontinent versus 0.7 (median: 0; 95% CI: (0.46, 0.86)) among controls 
(p<0.001).  According to the Pescatori grading scale, 14 incontinent women were 
categorized as a score of 3, and 6 women as a score of 4.  In the control group, 59 women 
were categorized as score 0 and 29 as score 2.  
 
When comparing women with and without symptoms of AI one year after primary anal 
sphincter repair, there were no significant differences in EAUS measurement (Table 18).  
At ARM, mean VFS was 39.0 mL in the incontinent group and 23.8 mL in the continent 
group (p=0.02).  Mean VFU was 77.5 mL in the incontinent group compared to 49.1 mL 
in the continent group (p=0.03) (Table 18).  
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Table 17.  Gastrointestinal symptoms in morphology-function study (Paper III) 
Symptom Continent  

(n=88) 
Incontinent  

(n=20) 
Differentiate flatus/stool   

No 80 (91) 17 (85) 
<1/week 7 (8) 2 (10) 
>1/week 1 (1) 1 (5) 
Daily 0 0 

Fecal urgency   
No 78 (89) 15 (75) 
<1/week 7 (8) 3 (15) 
>1/week 3 (3) 1 (5) 
Daily 0  

Flatus incontinence   
No 59 (67) 0 
<1/week 29 (33) 1 (5) 
>1/week 0 13 (65) 
Daily 0  6 (30) 

Incontinence for Loose stool   
No 87 (99) 17 (85) 
<1/week 1 (1) 2 (10) 
>1/week 0 1 (5) 
Daily 0 0 

Incontinence for solid stool   
No 88 (100) 19 (95) 
<1/week 0 1 (5) 
>1/week 0 0 
Daily 0 0 

Figures are number of patients, percentages in parentheses.  
 
Table 18.  Correlation between measurements at EAUS and ARM in relation to  
continence status one year after primary anal sphincter repair. 
 Incontinent (n=20) Continent (n=88) p-value 
EAUS    

PBM (mm) 12.2 12.5 0.61 
Mid EAS scar y/n 18/2 81/6 0.64 
Mid IAS scar y/n 4/16 16/72 0.87 
Mid IAS and EAS scar y/n 3/17 16/72 0.72 
Distal scar 4/16 16/72 0.18 
EAS length posterior 17.4 17.0 0.71 
EAS length anterior 6.0 6.6 0.38 
IAS length posterior 14.5 14.1 0.58 
IAS length anterior 11.7 11.7 0.98 

    
Anal manometry    

Max resting mean  57.3 63.1 0.13 
Mean resting mean 36.2 37.9 0.56 
Max squeeze mean 50.4 60.2 0.18 
Mean squeeze mean 34.0 39.2 0.21 
First sensation 39.0 23.8 0.02 
First Urge 77.5 49.1 0.03 
Max sensation 141 108 0.08 

PBM denotes perineal body measures, EAS denotes External Anal Sphincter, IAS denotes  
Internal Anal Sphincter. Distances in mm, pressures in mmHg, volumes in mL. The incontinent-  
and continent groups are compared using univariate logistic regression analysis. 
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6.4 ANAL INCONTINENCE AND ENDOANAL ULTRASONOGRAPHIC 
LENGHTS 

Measurements of the anterior and posterior lengths of the EAS and IAS in the two groups 
are presented in Table 19.  There was a significant difference between patients with a 
previous grade 3-4 obstetric injury and female controls with regard to posterior EAS 
length (p<0.001) and the IAS-index (p=0.03) The mean EAS and IAS index score for 
women who suffered a third degree sphincter rupture at delivery were 0.54 (SD 0.13) and 
0.76 (SD 0.21) respectively, compared to 0.50 (SD 0.18) and 0.70 (SD 0.22) among 
women with a fourth degree injury. The differences in index scores between the women 
with third degree and fourth degree injuries did, however, not reach statistical 
significance.   
 
Table 20 demonstrates the anal sphincter index in relation to symptoms among patients 
and controls. In patients with fecal urgency, both the EAS-score (p=0.02) and the IAS-
index (p=0.03) were lowered.  Furthermore, the IAS-index score was significantly lower 
in patients with flatus incontinence (p=0.015).  Frank fecal incontinence was only present 
in 1 patient which did not allow for a statistically reliable comparison with female 
controls.  For the EAS-index there was a trend towards lower scores in patients with 
inability to differentiate between flatus and feces (p=0.08) and a significantly lower index 
score in women with fecal urgency (p=0.02).   

 
Table 21 shows the relationship between Pescatori’s incontinence severity scores and 
EAS index score, IAS index score and perineal body measurement (PBM).  There were 
no statistically significant trends correlating the IAS index score to greater incontinence 
severity.  The IAS index score was greater at a Pescatori score of 0 than at a Pescatori 
score of 4, but this trend failed to reach statistical significance (p=0.09) (Table 20). 
 
 
 
Table 19.  Ultrasonographic measurements 
 Patients (n= 116) Control (n= 19) P-value 
Anterior EAS length 11.9 (11.3, 12.5) 10.7 (9.5, 12.0) 0.10 
Posterior EAS length 22.4 (21.7, 23.1) 17.9 (16.3, 19.5) <0.001 
Anterior IAS length 11.9 (11.2, 12.6) 12.5 (11.1, 13.8) 0.46 
Posterior IAS length 16.0 (15.3, 16.7) 14.9 (13.1, 16.7) 0.14 
EAS-index 0.54 (0.51, 0.56) 0.60 (0.55, 0.66) 0.14 
IAS-index 0.76 (0.72, 0.79) 0.85 (0.79, 0.91) 0.03 
EAS and IAS mean lengths.  Measurements in mm, 95% C.I. in parenthesis;  
Wilcoxon’s non-parametric test used for comparison of groups.  Index was defined as  
the ratio of the anterior length and the posterior length 
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Table 20 Anal sphincter index in relation to symptoms among patients and controls.  
 EAS-Index IAS-index 

 Patients 
n=116 

Controls 
n= 19 

P-
value 

Patients 
n=116 

Controls 
n= 19 

P-
value 

 
Differentiate flatus 
from stool 

      

No 0.54 (0.13) 0.60 (0.11) 0.16 0.76 (0.21) 0.85 (0.13) 0.03 
Yes 0.36 (0.23) - 0.08 0.56 (0.35) - 0.11 

 
Fecal urgency 

      

No 0.54 (0.13) 0.60 (0.11) 0.19 0.76 (0.21) 0.85 (0.13) 0.04 
Yes 0.43 (0.18) - 0.02 0.72 (0.16) - 0.03 

 
Gas incontinence 

      

No 0.52 (0.13) 0.60 (0.11) 0.07 0.77 (0.20) 0.85 (0.13) 0.049 
Yes 0.58 (0.13) - 0.86 0.70 (0.26) - 0.015 

 
Incontinence for lose 
stool 

      

No 0.54 (0.14) 0.60 (0.11) 0.14 0.75 (0.21) 0.85 (0.13) 0.024 
Yes 0.57 - 0.93 1.00 - 0.19 

 
Incontinence for solid 
stool 

      

No 0.54 (0.14) 0.60 (0.11) 0.14 0.75 (0.21) 0.85 (0.13) 0.024 
Yes 0.57 - 0.93 1.00 - 0.19 

P-value for statistical comparison between patients with and without symptoms and controls. 
All controls were asymptomatic for the questions on AI symptoms.   
 
 
Table 21.  Pescatori scores and correlation to index and the perineal body. 
Pescatori score 

n=116 
0 1 2 3 4 P-value for 

comparison 
between  

score 0 vs 4 
EAS-index 0.53 (0.13) - 0.52 (0.15) 0.57 (0.08) 0.61 (0.21) 0.15 
IAS-index 0.76 (0.21) - 0.77 (0.17) 0.76 (0.24) 0.60 (0.29) 0.09 

PBM (mm) 12.6 (2.71) - 12.2 (2.78) 12.1 (2.76) 12.1 (2.90) 0.66 
EAS denotes External Anal Sphincter. IAS denotes Internal Anal Sphincter. PBM denotes perineal body 
measurement. 
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7 DISCUSSION 
7.1 OBSTETRIC ANAL SPHINCTER INJURIES 

Rupture of the anal sphincters at vaginal delivery is a serious complication.  Despite 
immediate surgical repair, several of these women will suffer from AI (incontinence for 
gas and/or feces) at follow-up at short- as well as long-term (Table 3 and 4).  The overall 
incidence of sphincter tears at vaginal delivery has a wide range of 0-26%, but is usually 
reported as less than three percent of births,(Fornell, Berg, Hallbook et al. 1996; Walsh, 
Mooney, Upton et al. 1996) but primiparous women are at a significantly increased 
risk.(Zetterstrom, Lopez, Anzen et al. 1999a)  
 
Occult or overt injuries to the anal sphincter complex can lead to immediate or delayed 
incontinence symptoms and the risk may be increased by the practice of obstetrical 
interventions such as fundal pressure, instrumental delivery and episiotomy.(Buchhave, 
Flatow, Rydhstroem and Thorbert 1999; Zetterstrom, Lopez, Anzen et al. 1999a; 
Andrews, Sultan, Thakar and Jones 2006b)  There is a great variability in the reported 
prevalence of obstetrical anal sphincter injuries in the literature and this implies that not 
all obstetric sphincter injuries are identified at the time of the delivery.(Groom and 
Paterson-Brown 2002)  Andrews and co-workers reported that anal sphincter injuries 
were clinically overlooked at more then 50% of cases.(Andrews, Sultan, Thakar and Jones 
2006a)  The wide discrepancy in the reported incidence of obstetrical anal sphincter 
injuries may have several explanations.  The high incidence of external and internal anal 
sphincter defects demonstrated by ultrasonography, suggest that the true incidence of 
obstetric anal sphincter tears may often be underreported.(Sultan, Kamm, Hudson, 
Thomas and Bartram 1993; Oberwalder, Connor and Wexner 2003; Andrews, Sultan, 
Thakar et al. 2006a)  Additionally, many institutions report their frequencies of sphincter 
injuries as a proportion of the total number of births.  Consequently, an institution with 
high rates of Caesarean sections will appear to have lower incidences of sphincter injuries 
than institutions that perform fewer C-sections.  We report the percentage of vaginal 
deliveries that resulted in diagnosed sphincter tears.  Furthermore, the awareness and the 
recognition of obstetrical anal sphincter injuries vary between institutions.  Our 
department has been committed to the detection and treatment of obstetric sphincter 
complications for an extended period of time.  Thus, the diagnostic vigilance of the 
delivery-room team is high.  During the RCT (Paper II) inclusion period, nearly 8% of 
vaginal deliveries resulted in an obstetrical anal sphincter injury, an incidence comparable 
with a previous study from our institution.(Zetterstrom, Lopez, Anzen et al. 1999a)  
 
Previous reports have suggested that the extent of the anal sphincter tear may affect the 
prevalence of incontinence after primary repair.(De Leeuw, Vierhout, Struijk et al. 2001; 
Nichols, Lamb and Ramakrishnan 2005) (Table 14)  The data presented in the RCT do 
not contradict these earlier reports, but no statistically significant difference between the 
three degrees of tear severity could be shown.  However, the effects of more extensive 
injury to the anal sphincter muscles may progress over time and a delayed onset of AI 
symptoms following childbirth is frequently reported.   
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Among women in Paper III who had suffered a 4th degree perineal tear we observed an 
almost 6 times greater risk of being classified as incontinent overall compared to those 
with lesser degree lacerations.  These patients also had a higher mean Pescatori score 
when compared to women who had suffered a 3rd degree tear.  The wide confidence 
interval for the point estimate does, however, suggest a limited statistical precision; the 
relatively small group of women with 4th degree lacerations may explain this.  It is 
entirely plausible that a larger study group could have reinforced some of the observed 
associations and is a cause for a prudent interpretation.  Our findings are, however, in 
agreement with previous studies and it is biologically plausible that a complete disruption 
of the anal sphincter complex increases the risk for AI.(Nichols, Lamb and Ramakrishnan 
2005; Hatem, Pasquier, Fraser and Lepire 2007)  

 
7.2  ANAL INCONTINENCE 

AI can be defined as the involuntary loss of flatus, liquid or solid stool that is a social or 
hygienic problem.  Estimates of the prevalence of AI differ widely depending on 
definition and study population, but are reported to be 2-12% in the community and up to 
46% in nursing homes.(Nelson, Norton, Cautley and Furner 1995; Bharucha, Zinsmeister, 
Locke, Seide et al. 2005)  The prevalence of fecal incontinence among women in the 
United States has been estimated to afflict approximately 12% of the population.(Miner 
2004; Bharucha, Zinsmeister, Locke et al. 2005; Melville, Fan, Newton et al. 2005)  
Childbirth is considered to be an important risk factor for the greater prevalence of AI in 
women.  Of women with a diagnosed 3rd or 4th degree tear up to 60% become incontinent 
to some extent even after having undergone a primary sphincter repair.(Samarasekera, 
Bekhit, Wright et al. 2008)  In paper I we assessed the impact of vaginal childbirth on the 
natural progression of AI in primiparous women.  Primiparous women have a low 
frequency of AI symptoms, but they have an increased risk of obstetric anal sphincter 
injury compared to multiparous women.(Zetterstrom, Lopez, Anzen, Dolk et al. 1999b)   
 
In Paper I, 15% of the women experienced a sphincter tear of some degree at their first 
delivery.  Forty four percent of these women had symptoms of AI at nine months follow 
up and the frequency of symptoms remained high at the five-year follow up (53 percent).  
Our results are comparable to previous studies, (Sultan, Kamm, Hudson et al. 1994; 
Tetzschner, Sorensen, Lose et al. 1996) where incidences of AI up to 50% have been 
reported.  Even though these studies are of shorter follow-up time, more recent long-term 
FU studies confirm our results (Table 4).  Explanations for these poor results may be 
inadequate surgical technique or insufficient healing of the primary repair.  In a study by 
Sultan and co-workers, Sultan, 1994 #4678} up to 85% of primary repaired sphincter 
injuries still had a morphological defect when assessed with endoanal ultrasonography at 
FU.  
 
Among women without a clinically diagnosed sphincter tear (Paper I), 25% reported AI 
at 9 months postpartum.  Most of these symptoms were mild and the majority had only 
infrequent symptoms of flatus (Table 12).  After 5 years the reported incidence was 32 
%, which is a significant increase (p<0.0001).  Studies of AI, at long term follow-up, 
after uncomplicated deliveries are hard to come by, but Ryhammer et al found a 5% 
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incontinence rate among women who delivered 2 to 13 years earlier.  Many of these 
women had also had subsequent deliveries.(Ryhammer, Bek and Laurberg 1995)  The 
higher incidence of AI in our study may be explained by our lenient definition of 
incontinence as being self-reported occasional gas incontinence less than once per week. 
 
AI symptoms in women without clinically diagnosed sphincter tear may be due to 
neurological impairment or occult sphincter injuries. Sultan et al.(Sultan, Kamm, 
Hudson et al. 1993), reported a strong association between occult injuries and AI.  
These findings were supported by Zetterstrom et al.(Zetterstrom, Lopez, Holmstrom, 
Nilsson et al. 2003)  However, occult injuries have been questioned as possibly 
overlooked tears at clinical examination at delivery. In a study by Andrews, 254 
primiparous women were routinely examined immediately after delivery and found to 
have an incidence of anal sphincter tear in 11% of cases.  At re-examination by an 
experienced research-fellow the incidence increased to 24%.  All injuries were 
confirmed by EAUS and the absolute majority of overlooked injuries were so because 
of insufficient technique, i.e. lack of rectal examination.(Andrews, Sultan, Thakar et al. 
2006a)   
 
Our FU study (Paper I) demonstrates that patients with AI symptoms 9 months 
postpartum usually do not improve with time.  Actually a majority of these patients 
deteriorated with time, particularly if they had additional childbirths.  Several previous 
reports have concluded that sphincter tear at delivery is the major cause of AI and that not 
all of these injuries are recognized at the time of delivery.(Sultan, Kamm, Hudson et al. 
1993; Andrews, Sultan, Thakar et al. 2006a)  A higher awareness of the consequences of 
occult or overlooked injuries will hopefully result in meticulous clinical examinations of 
women after delivery, but studies are needed to determine whether this will decrease the 
number of untreated sphincter injuries.  Adding EAUS to the clinical examination straight 
after parturition may be of value.   

 
In Paper III, the overall prevalence of frank fecal incontinence was low also among 
women categorized as incontinent.  Also other indicators of a disturbed anorectal function 
such as fecal urgency and inability to distinguish gas from feces were infrequently 
reported.  Instead, flatus incontinence was the predominant symptom, reported by nearly 
half of the study population.  This finding is largely in agreement with prospective cohort 
studies among premenopausal women and epidemiologic data suggest that fecal 
incontinence becomes more common after menopause and in women of geriatric 
age.(Bharucha, Zinsmeister, Locke et al. 2005; Nordenstam, Altman, Brismar et al. 2009)  
We expect that FU of these women will show deterioration in degree of symptom over 
time, as they grow older. 
 
In conclusion, based on our findings we recommend that obstetricians deliberate 
caesarean section with pregnant women who previously have suffered sphincter tears and 
have persistent symptoms.  This issue is highlighted even more by the dismal outcome of 
sphincteroplasty at long-term FU.(Malouf, Norton, Engel, Nicholls and Kamm 2000; 
Halverson and Hull 2002) 
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7.3 RISK FACTORS FOR ANAL INCONTINENCE 

In Paper I, our data indicates that increasing maternal age is a risk factor for developing 
AI.  The odds ratio indicates that a 30-year old woman has twice the risk of developing AI 
compared to a 20 years old woman.  This finding is consistent with earlier reported 
findings (Zetterstrom, Lopez, Anzen et al. 1999b), and is of importance since maternal 
age at the time of first childbirth continues to increase.(Dioun, Harris and Hibberd 2003)  
 
The impact of subsequent deliveries on AI is debated.  Fynes et al.(Fynes, Donnelly, 
Behan, O'Connell and O'Herlihy 1999) found that primiparous women with persistent AI 
deteriorated after a second vaginal delivery.  In a Danish study by Ryhammer et 
al.(Ryhammer, Bek and Laurberg 1995) reported a statistically significant increase in 
incontinence symptoms after the third delivery in women without clinical sphincter 
injury, while Hojberg et al.(Hojberg, Hundborg, Ryhammer and Laurberg 2003) could not 
find this association.  In our follow-up study (Paper I) we showed a statistically 
significant increase in AI among women with additional deliveries.  Most published data 
supports our finding that additional deliveries may increase the risk for AI.  

 
In Paper I, AI postpartum was found to be of importance as a predictor of persistent 
symptoms, particularly among women with a previous sphincter tear.  This group had an 
almost eight times increased risk for symptoms at 5 years if they reported symptoms at 
nine months postpartum.  Adding this finding to the increased risk of incontinence after 
subsequent delivery, we can make a firm argument against exposing the anal sphincter 
mechanism to the risk for functional impairment by a further vaginal delivery.  The study 
also demonstrated a long-term increase of incontinence symptoms after additional 
childbirths in women with previous sphincter tears.  This finding is supported by a few 
previous studies.  In the study by Fynes et al.(Fynes, Donnelly, Behan et al. 1999), 
primiparous women with transient symptoms or occult sphincter injury were at increased 
risk for developing AI after a second delivery.  In a more recent study, Faltin et al.(Faltin, 
Sangalli, Roche, Floris et al. 2001) found an increased prevalence of AI after previous 
sphincter tear and subsequent delivery and Payne et al.(Payne, Carey and Rayburn 1999), 
have reported an increased risk for a recurrent sphincter injury at subsequent vaginal 
deliveries. 
 
In Paper I, the incontinence rate in the group without additional deliveries and no 
sphincter injuries was 25% after five years, compared to 34% in the group with one or 
more subsequent deliveries.  In the study, even mild symptoms of gas incontinence 
occurring sporadically (<1/week) were reported, which may explain the higher incidence 
when compared to the findings of Faltin et al, (Faltin, Sangalli, Roche et al. 2001) where 
incontinence symptoms increased from 3 to 10% after a second delivery among women 
who had intact sphincters at EAUS after their first delivery.   
 
It remains to be decided if maternal age at first time delivery may affect the incidence of 
3rd and 4th degree tears.  In the RCT (Paper II), increasing maternal age was positively 
associated with increased symptoms of flatus incontinence, inability to discriminate flatus 
from faeces and an increased incontinence score.  This finding is consistent with earlier 
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reports.(Zetterstrom, Lopez, Anzen et al. 1999b)  These results suggest that older 
primiparous women may be more susceptible to developing symptoms following trauma 
to the anal sphincter complex.   
 
In the morphology-function study (Paper III), which was a subpopulation of the RCT, we 
found that the risk of AI one year after primary repair was associated with age and the risk 
increased by as much as 25% per year of age.  This is in accordance with previous studies 
(Zetterstrom, Lopez, Anzen et al. 1999b; Fox, Fletcher, Zinsmeister, Seide et al. 2006), as 
well as results from the follow-up study (Paper I), and has important implications since 
age at first childbirth has steadily increased in Sweden and other industrialized countries 
during the last 30 years (http://www.socialstyrelsen.se/english).  Considering the current 
trend in urban society with increasing maternal age at first delivery, the association 
between age at delivery and symptoms of AI need further research.  The underlying 
reasons for the observed association is a matter of conjecture but could be explained by an 
age-dependent decrease in the ability for injured nerves and soft tissues to regenerate and 
heal.  Thus, increasing age at childbirth may increase the risk for persistent symptoms of 
AI after primary repair of an obstetrical sphincter laceration.  

 
In Paper III, women presenting with incontinence after primary sphincter repair had a 
significantly longer duration of the second stage of delivery compared to the continent 
patients.  It has previously been shown that a prolonged second stage of labor is 
associated with an increased risk of sphincter tears (Allen, Baskett, O'Connell, McKeen 
and Allen 2009), and Snooks et al. reported an association between the duration of second 
stage and a disturbed innervation of the anal sphincter.(Snooks, Setchell, Swash and 
Henry 1984; Snooks, Swash, Henry et al. 1986)  A prolonged second stage of labor may 
also be associated to lacerations of the pelvic floor by making it edematous and 
susceptible to rupture.(Samuelsson, Ladfors, Wennerholm, Gareberg et al. 2000)  Our 
findings support what previously has been pointed out in the literature and may be 
explained by greater incidence of neural injury among the women with a longer duration 
of the second stage.(Dietz 2004; Pirro, Sastre and Sielezneff 2007)  In the present study, 
the risk of incontinence increased by 77% per hourly increase of the second stage of labor. 

 
7.4 PRIMARY REPAIR OF SPHINCTER LACERATIONS 

Traditionally, the end-to end technique has been used at primary anal sphincter repair.  
The functional outcome after primary repair has frequently been disappointing, with about 
40 percent of women developing AI despite surgical intervention.(Sultan, Kamm, Hudson 
et al. 1994; Tetzschner, Sorensen, Lose et al. 1996) (Table 3 and 4)  In order to improve 
the results of primary repair, an attempt was made by Sultan and co-workers to apply an 
overlapping technique.(Sultan, Monga, Kumar et al. 1999)  An overlapping technique, 
described by Parks (Parks and McPartlin 1971), and modified by Slade (Slade, Goldberg, 
Schottler, Balcos and Christenson 1977) is used at secondary sphincteroplasty with good 
short to mid-term follow-up results (Wexner, Marchetti and Jagelman 1991), even though 
long term results has shown a clear deterioration only after five years.(Malouf, Norton, 
Engel et al. 2000; Halverson and Hull 2002)   In their first pilot study, Sultan et al. 
reported an eight percent prevalence of incontinence to flatus after primary overlapping 
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sphincteroplasty, and a randomized study performed by the same group found that the 
overlap technique resulted in better results than the end-to-end group, measured in 
continent patients.(Fernando, Sultan, Kettle, Radley et al. 2006)  Several other centres 
have performed RCTs comparing the two different techniques without finding any 
significant difference in results.(Fitzpatrick, Behan, O'Connell et al. 2000; Garcia, Rogers, 
Kim et al. 2005; Williams, Adams, Tincello et al. 2006) One recent, larger, randomized 
trial found the end-to-end technique to be superior for both incontinence to flatus and 
stool.(Farrell, Gilmour, Turnbull, Schmidt et al. 2010)  The surgical conditions are very 
different at secondary- compared to primary repair and this could be part of the 
explanation to why the overlapping technique is better suited for secondary- than primary 
repair.  At secondary overlap repair, it has been reported that the scar tissue is of 
importance for the functional outcome.(Moscovitz, Rotholtz, Baig, Zhao et al. 2002)  Scar 
tissue has greater strength than muscle tissue and the lack of scar tissue may influence the 
results at primary repair.  In contrast, at primary repair, the anatomy is changed and the 
sphincter muscles are often edematous and fragile.  Further studies are required to unearth 
how to improve the functional outcome of primary sphincter repair. 
 
Vaginal deliveries are evenly distributed over the hours and it is plausible that awaiting 
surgical expertise following detection of an obstetrical anal sphincter injury may optimize 
the subjective outcome.  However, it is also possible that the consequential time delay 
between the injury and the repair would affect the outcome of the repair in a negative 
direction.  In order to investigate these questions, we performed a RCT (Paper II). 
 
In our RCT, all patients regardless of treatment assignment were operated using an 
approximation end-to-end technique; the study was not designed to compare different 
operative techniques, but to evaluate whether a time delay between injury and repair is 
advantageous with regard to AI symptoms.  The experience of physicians performing 
primary repairs varies, and some may feel inadequately trained to perform an optimal 
repair. (Fernando, Sultan, Radley et al. 2002)  In cases when a delay is possible and the 
responsible physician feels uncomfortable performing the procedure, our study suggests 
that delaying the operation until the adequate expertise is in place, or up to 12 hours is 
safe and does not adversely affect anal continence status one year after delivery.  The 
incidence of perineal wound dehiscence after a third or fourth degree obstetrical sphincter 
tear has been reported to occur in up to 10% of cases.(Venkatesh, Ramanujam, Larson 
and Haywood 1989; Goldaber, Wendel, McIntire and Wendel 1993)  In our RCT, there 
were no abscesses, wound breakdowns nor recto-vaginal fistulas in either of the groups.  
The fact that all included patients received prophylactic antibiotics may, in part, have 
contributed to this finding.   
 
One recent RCT has addressed this topic and found an advantage in the administration of 
prophylactic antibiotics when performing a primary repair of a grade 3-4 OASI.  In this 
study, septic perineal complications at two weeks FU were eight percent in the group 
receiving treatment compared to 24 percent for the placebo group.(Duggal, Mercado, 
Daniels, Bujor et al. 2008)  In our RCT (Paper II), all patients were repaired under 
optimal conditions in the operating theatre, and it seems probable that this controlled 
environment at surgery has had a favourable effect on the outcome as well.   
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The most important finding of Paper II was that a delayed primary repair of an obstetrical 
anal sphincter injury not was associated with an adverse subjective outcome with regard 
to symptoms of AI.  Known complications of primary repair after an obstetrical anal 
sphincter tear include infections with abscess formation and wound breakdown, both 
primary to recto-vaginal fistulas and AI.(Pezim, Spencer, Stanhope, Beart et al. 1987) 
 
The incontinence symptoms in the RCT worsened between baseline and the six and 
twelve months follow-up visits in both groups in this study.  This is in concordance with 
previous studies.(Zetterstrom, Lopez, Anzen et al. 1999a; Fitzpatrick, Behan, O'Connell et 
al. 2000)  Several previous studies, conducted over long time, have shown that symptoms 
of AI deteriorate over time.(Fornell, Matthiesen, Sjodahl and Berg 2005; Nordenstam, 
Altman, Brismar et al. 2009)  However, in paper II symptoms improved from six to 
twelve months. It is likely, but remains to be seen, that symptoms will deteriorate over 
additional time.  We suggest that evaluation of incontinence symptoms should be delayed 
until at least 12 months after primary repair.  
 
In Paper II, 15.8% of women reported some degree of AI before the delivery that resulted 
in a sphincter tear.  Hojberg et al. reported a lower prevalence of 8.6% among women in a 
cross-sectional study.(Hojberg, Salvig, Winslow, Bek et al. 2000)  However, in their 
study, women at gestational week 16 were asked to answer their questionnaire, whereas 
we asked women, while still in the delivery unit, to complete the symptoms questionnaire.  
Additionally, only 7.4% of the women had more severe symptoms than incontinence to 
gas less than 1/week, or a Pescatori score higher than 2.  At 12 months, 39.4% of the 
women reported AI, but only 16.6% reported symptoms more severe than incontinence to 
gas less than 1/week or a score higher than 2.   

 
Other authors have reported similar rates of gas incontinence, but higher rates of faecal 
incontinence one year after primary repair of an obstetrical anal sphincter 
injury.(Wagenius and Laurin 2003; Williams 2003)  We believe that our comparatively 
low incidence of post partum faecal incontinence may have several explanations:  
Vigilance in detecting anal sphincter injuries may be comparatively high at our institution, 
possibly resulting in a comparatively greater proportion milder injuries; additionally it is 
departmental policy that all primary repairs are performed under regional anaesthesia in 
the operating theatre at our institution.  Other reports may include patients whose repair 
was conducted under less optimal conditions which may affect the outcome.  It is also 
possible that patients who decided to participate in the trial were healthier and more 
physically fit than the average population, resulting in a quicker return to normal physical 
activities, which in turn could have a positive effect on pelvic floor status.  

 
Strengths of the RCT (Paper II) include the randomized design, the homogenous 
population characteristics, the minimal loss to follow-up and the use of a validated 
instrument for the measurement of AI.  The high response rate limits the risk for selection 
and ascertainment bias following randomization, although one need to consider the rather 
large number of subjects eligible for the trial that were not included.  It is understandable 
that a newly delivered woman may hesitate to participate in a study requiring an 
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obstetrical tear to be left unsutured for 8-12 hours.  We believe this to be the primary 
reason for eligible subjects deciding not to participate in the trial.  Additionally, the 
attitudes of individual midwives and obstetricians toward the study, as well as caregiver’s 
consideration of personality traits of individual patients, may have affected study 
inclusion.  An additional weakness of this study is the fact that the three surgeons that 
were involved in the repair of the women in the delayed group did not participate in 
surgeries of women in the immediate group; it would have been preferred if the same 
physicians performed the repairs in both groups, but this was not practically possible.  
However, the three gynaecologists involved in the repairs of the women in the delayed 
group also performed repairs in the immediate group and the experience of the physicians, 
measured, as years in specialty, were similar between the groups. (Table 11)  

 
With the limitations of our study in mind, we conclude that there is no benefit or harm, 
with regard to anal continence, in delaying primary repair up to 12 hours after the 
delivery.  It is our opinion that the delay of primary repair can be considered an option in 
those cases when surgical expertise not is immediately available or when the responsible 
physician feels uncomfortable performing the repair without the assistance of a more 
experienced colleague. 
 
7.4 CLINICAL EVALUATION OF ANAL SPHINCTER FUNCTION 

Assessment of patients with AI after childbirth commonly includes endoanal 
ultrasonography (EAUS) and physiological testing of anal sphincter function such as ano-
rectal manometry (ARM).(Tjandra, Dykes, Kumar, Ellis et al. 2007)  However, the 
correlation between diagnostic parameters used in these investigations and symptoms of 
AI in a clinical setting remains controversial. 
 
Endoanal ultrasonography (EAUS) is today considered an integral part in the evaluation 
of AI.  The ultrasonography technique has evolved from low resolution two-dimensional 
imaging to the present day three-dimensional high resolution uptakes using advanced 
image processing and analysis software.  EAUS depicted defects have been correlated to 
symptoms of AI,(Nichols, Nam, Ramakrishnan, Lamb and Currie 2006) but there remains 
ambiguity as to which measurements to use in clinical routine. Proposed measurements 
includes measurement of the anal sphincter thickness, the extension of the defect 
measured as angle degrees or by hours, the perineal body measurement (Zetterstrom, 
Mellgren, Madoff et al. 1998) the Starck’s scoring system,(Starck, Bohe and Valentin 
2006) and the Liverpool Ultrasound Pictorial Chart.(Fowler, Adams, Bolderson, Hosker 
et al. 2008) 
 
As obstetric sphincter injuries affect the anterior part of the muscle complex, a defect 
could presumably make the anterior part shorter than it was before the injury.  The length 
of the anal canal measured at ano-rectal manometry (ARM) has been correlated to anal 
sphincter function and to AI.(Delechenaut, Leroi, Weber, Touchais et al. 1992; Hool, 
Lieber and Church 1999; Gearhart, Hull, Floruta, Schroeder and Hammel 2005)  
Correspondingly, a shorter anal sphincter, expressed as an index and calculated by 
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measurements from a three-dimensional ultrasonographic uptake, could be a clinically 
useful measure in women with AI. 
 
A recent study from Reddymasu et al. points to anorectal sensation impairment as more 
common among incontinent women.(Reddymasu, Singh, Waheed, Oropeza-Vail et al. 
2009)  That study is small, retrospective and involves mainly postmenopausal women; the 
present study (paper III) involves 108 premenopausal women who suffered a grade 3-4 
perineal tear at their first delivery.  All women were evaluated 1 year after their delivery 
and repair.  In the present study, ano-rectal sensation was measured as significantly 
impaired among incontinent women, as greater volumes of rectal filling was needed to 
reach the threshold of sensation in women classified as incontinent compared to controls.  
This finding is in agreement with previous reports.(Buser and Miner 1986; Hancke and 
Schurholz 1987; Lubowski and Nicholls 1988)  In the present study, the risk of being 
incontinent increased by 30% for each additional 10mL of air needed to reach VFS.  The 
patients in this study experienced mostly mild symptoms dominated by flatus 
incontinence and were entirely of pre-menopausal age.  Our findings therefore cannot be 
extrapolated to women of postmenopausal age or women experiencing frank fecal 
incontinence.  It is, however, known that symptoms of AI after childbirth among women 
deteriorates over time and it is entirely plausible that a portion of women with mild 
incontinence 1 year after injury and repair will experience more disabling symptoms with 
time.   
 
ARM is of limited prognostic value in the investigation of pre-menopausal women with 
predominant flatus incontinence after primary sphincter repair for obstetrical tear of the 
anal sphincters.  However, manometric rectal sensation testing seems to provide some 
value in the investigation of this group of women and it has previously been suggested 
that sensory training, in order to increase the awareness of contents in the rectum, may 
improve symptoms in this group.(Lubowski and Nicholls 1988) 
 
A persistent mid IAS and EAS defect was more than three-times as common after primary 
repair of a 4th compared to a 3rd degree sphincter laceration.  Having a distal sphincter 
defect present at the one year EAUS also corresponded to a six times increased risk for 
being classified as incontinent.  A distal sphincter defect after primary repair could be the 
result of an inadequate primary repair or it could be a sign of imperfect healing after the 
repair.  The prevalence of a persistent disruption of the anal sphincter circumference after 
primary repair in the present study was considerably lower than what previously has been 
reported.(Sultan, Kamm, Hudson et al. 1994)  This discrepancy could be the result of 
major technical advances in ultrasound imaging causing less diagnostic difficulties or 
could simply be a result of inter-individual differences in subjective classification and 
interpretation of images of sphincter morphology.  Clinical studies do, however, agree 
that residual sphincter defects after primary obstetric repair contribute to the presentation 
of AI and our data supports the notion that EAUS has an important role in the diagnostic 
work-up in women experiencing AI after childbirth. (Richter, Fielding, Bradley, Handa et 
al. 2006)  A residual anal sphincter defect visible on EAUS was associated with AI one 
year after surgery and may, together with rectal sensation testing, be used to distinguish 
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between sensory and morphological causes of AI after primary repair of grade 3-4 
perineal tears. 

 
The EAUS study (paper IV) suggests that anatomical length of the anal sphincter 
complex, and especially the anterior part of the sphincter, is correlated to symptoms of AI.  
In order to simplify the examination and interpretation of endoanal ultrasonography we 
have defined a standardized routine for image analysis, as well as, an index for 
measurement of the anal sphincter length.  The rationale behind the index is dual: first, the 
length of the anal canal, as measured by anorectal manometry has been correlated to 
function (Fleshman, Dreznik, Fry and Kodner 1991; Hool, Lieber and Church 1999) and 
secondly, as all obstetric tears involve the anterior part of the sphincter it is plausible that 
in patients with symptomatic AI this segment remains disrupted whereas the posterior part 
remains intact.   
 
Our study confirms a significant difference of the IAS-index among women with a prior 
sphincter tear compared to female nulliparous controls.  Ultrasonographically this is 
reflected by a shorter IAS-complex anteriorly which is in accordance with recent findings 
by Starck et al.(Starck, Bohe and Valentin 2007)  The decrease of the IAS-index, i.e. 
shortening of the anterior in relation to the posterior segment of the anal sphincter, was 
also relevant for self reported symptoms associated with AI.  Patients that reported fecal 
urgency and flatus incontinence had a significantly shorter IAS anteriorly.  These findings 
indicate that primary repair of an obstetrical sphincter laceration should aim not only to 
achieve a circumferential adaptation of the ruptured anal sphincter muscle bundles but 
also to recreate the length of the anal sphincter.   
 
With regard to the EAS-index and symptoms, there was a trend towards a decrease in 
scores among patients with fecal urgency but this did not reach statistical significance.  In 
comparison to the interior sphincter segment it seems that the EAS-length and EAS-index 
were less inclined to reflect AI symptoms.  We do, however, recognize that the lack of 
association between AI and EAS-length could have other explanations.   

 
At our department, we believe that also mild incontinence 1 year after primary repair of 
an acute obstetric sphincter injury often is foretelling of more severe symptoms later. We 
therefore recommend evaluation of these women with ARM and EAUS to determine 
whether a morphologic defect, i.e. a sphincter defect on EAUS, or a nerve injury, i.e. 
decreased ano-rectal sensation at anal manometry is the likely cause. In either case, the 
patients are recommended pelvic floor strengthening exercises in an effort to prevent or 
postpone symptom deterioration.  If more severe symptoms develop, women with EAUS 
verified sphincter defects are offered an overlapping sphincteroplasty. 
 
In our study relatively few patients were bothered by severe incontinence or frank fecal 
incontinence.  As measured by the self-reported Pescatori-score, the severity of AI did 
correlate to IAS- index, i.e. that the shorter the anterior part of the IAS the more severe 
symptoms, but again the finding was not statistically significant.  Thus, a limitation of our 
study was the low prevalence of FI.  FI has been shown to be relatively infrequent in 
populations of premenopausal women.(Aitola, Lehto, Fonsell and Huhtala 2009)  A larger 
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study population with bothersome AI would have increased the statistical power of the 
observed findings.   
 
AI in general increases with age, again highlighting a limitation of our study that only 
includes women of childbearing age.  In geriatric study populations it would be expected 
that factors such as estrogen deficiency, neural impairment age degenerative changes 
influences the prevalence of AI and increases its severity.(Nelson 2004)  Thus, further 
studies are needed to determine how the IAS and EAS-index correlates to symptoms of 
AI in these populations.  To summarize, the EAUS study has shown that it is easy to 
measure sphincter lengths using endo-anal-3-D ultrasonographic technology and that the 
sphincter complex in nulliparous women is anatomically different when compared to 
women who have experienced primary repair after an obstetrical sphincter injury.  We 
have also demonstrated that a functional IAS-index can be calculated based on 
ultrasonographic measurements and that this index may correlate with the degree of anal 
continence in women. 
 
In Paper III, most measurements at EAUS and ARM were of limited prognostic value and 
did not reliably discriminate between patients with symptoms and those without after 
primary anal sphincter repair.  However, both volume at first sensation and volume at first 
urge among incontinent women were significantly increased when compared to 
measurements among continent women at anal manometry.  In addition, the fact that, at 
multivariate analysis, a distal defect in the EAS at ultrasound was associated with an 
increased risk for having AI after primary repair, suggests that EAUS nonetheless may be 
useful in the clinical investigation of these patients.  Obstetrical factors such as maternal 
age at first childbirth, duration of second stage of labor, and degree of anal sphincter 
laceration were important correlates for AI after primary sphincter repair.  Strengths of 
our study include the prospective study design, the standardized investigation techniques 
performed identically in all patients by a single examiner. Additional strengths are the 
well defined study group drawn from a general delivery ward and the use of high 
resolution 3D-ultrasound.   
 



 

63 
 

8 CONCLUSIONS 
The specific aims are repeated with the conclusion for the convenience of the reader: 

 
1. Aim: To study the prevalence of AI in primiparous women five years after their 

first delivery (Paper I). 
 

Conclusion: AI among primiparous women increases over time. 
 
2. Aim: To evaluate the influence of subsequent childbirth on symptoms of AI  

(Paper I). 
 

Conclusion: Symptoms of AI deteriorate with subsequent childbirths. 
 
3. Aim: To identify risk factors for the development of AI (Paper I). 
 

Conclusion: AI at nine months postpartum is an important predictor of persisting 
symptoms. 

 
4. Aim: To investigate if a delayed primary repair of obstetrical anal sphincter injury affects 

subjective outcomes when compared to immediate primary repair with regard to AI (Paper 
II). 

 
Conclusion: There is no benefit or harm, with regards to anal continence at 1 year 
follow up, in delaying primary repair up to 12 hours after the delivery 

 
5. Aim: To assess whether measures of morphology and function recorded at 

endoanal ultrasound and anorectal manometry correlates to symptoms of AI one 
year after primary repair of obstetric anal sphincter lacerations incurred during the 
first vaginal delivery  (Paper III).  

 
Conclusion: Impaired rectal sensation at ano-rectal manometry and a distal scar at 
endoanal ultrasonography are associated with AI one year after primary sphincter 
repair in primiparous women 

 
6. Aim: To evaluate whether an endoanal ultrasound derived sphincter length-index 

could be derived and whether it correlates to subjective AI symptoms (Paper IV) 
 

Conclusion: An internal anal sphincter length index can be calculated based on 
ultrasonographic measurements and that this IAS-index may correlate with the 
degree of anal continence  
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9 SUMMARY IN SWEDISH 
Analinkontinens innebär ett ofrivilligt läckage av gas eller avföring från tarmen.  Besvären får ofta 
psykiska, sociala och praktiskt negativa konsekvenser.  En viktig faktor för förmågan att hålla tätt 
är ändtarmens slutmuskel.  Slutmuskeln är ett muskelrör som omsluter sista delen av tarmen, den 
del som kallas stolgången.  Slutmuskeln håller ständigt tarmen sluten via en konstant aktiv 
muskelspänning.  Denna muskelspänning kan normalt viljemässigt ökas för att hålla tätt vid 
tillfällen då gaser eller avföring tränger på men då det av olika skäl inte är önskvärt att detta 
kommer ut.  Om slutmuskeln skadas kan denna förmåga försämras och analinkontinens uppstå. 
Bland personer under 45 år är analinkontinens åtta gånger vanligare bland kvinnor än hos män.  
Orsaken till denna stora skillnad anses vara barnafödande.  Vid vaginal förlossning kan det uppstå 
bristningar på slutmuskeln samt skador på dess nervförsörjning, vilket medför risk för att 
analinkontinens uppstår.  Om en bristning i slutmuskeln uppstår vid förlossningen, repareras 
denna direkt efteråt.  Tidigare undersökningar har visat att det på kort sikt är relativt dåliga resultat 
av denna reparation, att kvinnor i hög utsträckning får kvarstående besvär av analinkontinens, 
samt att kompetensen hos operatören är en viktig faktor för att bra resultat skall uppnås. 
I föreliggande avhandling har man dels följt en grupp kvinnor fem år efter deras första vaginala 
förlossning och med hjälp av frågeformulär noterat förekomsten och utvecklingen av 
analinkontinens, samt vilka faktorer som påverkar denna utveckling.  Man har även studerat om en 
tidsfördröjning av reparationen vid en bristning i slutmuskeln påverkar utvecklandet av 
analinkontinens, samt studerat om undersökning med tryckmätning i tarm och stolgång eller 
undersökning med ultraljud är av värde för utredning av analinkontinens.  Därutöver har man 
undersökt möjligheten att utveckla nya rutiner och tolkningstekniker vid ultraljudsunderökning av 
slutmuskeln 
Ur dessa undersökningar framkom att förekomsten av analinkontinens fem år efter den första 
förlossningen ökade påtagligt.  Hos kvinnor som vid förlossningen fick en bristning i slutmuskeln 
var förekomsten av analinkontinens 44 % efter nio månader och 53 % efter fem år.  Hos kvinnor 
utan skada på slutmuskeln rapporterade 25 % förekomst av analinkontinens 9 månader efter 
förlossningen, motsvarande siffra efter 5 år var 32 %.  Det framkom att bristning på slutmuskeln 
samt ytterligare barnafödande var riskfaktorer för utvecklande av analinkontinens samt att 
förekomst av analinkontinens vid niomånader efter förlossningen även förutsade förekomsten av 
symtom fem år senare.  Beträffande patientens upplevda grad av analinkontinens, var det vanligast 
med oförmåga att hålla gaser, medan läckage av avföring var ovanligt 
I studien avseende uppskjutande av operationen, kunde man 1 år efter förlossning inte se någon 
skillnad avseende analinkontinens mellan gruppen som omedelbart blev opererad jämfört med de 
som blev opererade med 12 timmars fördröjning.  Någon ökad risk för andra komplikationer som 
t.ex. infektioner kunde inte ses i gruppen fördröjda operationer, vilket i praktiken innebar att man 
kan invänta åtgärd tills kompetent gynekolog finns på plats.  
Vid undersökning med tryckmätning i analkanal och ändtarm, framkom att vissa mätvärden samt 
att förekomst av ärrbildning i slutmuskeln kopplas till förekomst av analinkontinens.  De nya 
rutiner som utvecklades för tolkning av ultraljudsbilden talar för att dessa kan vara av värde vid 
utredning, men att undersökningsgruppen sannolikt var för liten för att säkra slutsatser skulle 
kunna dras. 
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10 APPENDIX 
Questionnaire used in all studies 
 

 
 

QUESTIONS ABOUT SYMPTOMS 
 
SYMPTOMS FROM THE GENITAL REGION 
 
 No symptoms Minor symptoms                 Severe symptoms 
Heaviness � � � 

Discomfort at intercourse � � � 

Superficial pain at intercourse � � � 

Deep pain at intercourse � � � 

 
URINARY SYMPTOMS 
 
 Never ≤Once/week >Once/week     Every day 
Urinary leakage � � �                    � 

Difficulty emptying  
bladder? � � �                    � 
Urinary urgency? � � �                    � 

   

 
BOWELHABITS 
 
Number of bowel movements/week? _______ 

Number of enemas/week  _______ 
 
 Normal  Solid Loose 
Consistency of stools � �                         � 
 
 Small  Normal Large 
Volume of stools � �                         � 
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BOWEL SYMPTOMS 

Have you experienced any of the following symptoms? 
 
 Never ≤Once/week >Once/week          Every day 
 

Blood in stools? � � �                         � 

Mucous in stools? � � �                         � 

Pain at bowel emptying? � � �                         � 

Urgency to empty 
bowel? � � �                         � 
 

Difficulties when  
emptying the bowel?  � � �                         � 
 
Do you support your 
pelvic floor during 
bowel movement? � � �                         � 
 
Do you have to apply 
pressure on back wall of 
 the vagina to be able to  
empty your bowel? � � �                         � 
 
Do you have to empty 
your bowel with your 
fingers? � � �                         � 
 
Are you unable to distinguish 
between flatus and fecal  
contents in your rectum? � � �                         � 
 

Do you have involuntary 
leakage of flatus? � � �                         � 
 
Do you have involuntary 
leakage of loose stools? � � �                         � 
 
Do you have involuntary 
leakage of solid stools? � � �                         � 
 
Do you experience leakage 
of fluid around the anal 
opening? � � �                         � 
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