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Defecation disorders cover a wide range of symptoms, such as fecal incontinence (FI), 
constipation, or irritable bowel syndrome (IBS) (1, 2) (Table 1). Defecation disorders decrease 
the quality of life and increase the health care costs (3-5). Unfortunately, our knowledge 
regarding factors underlying defecation disorders is incomplete, which hampers diagnosis and 
treatment optimization. Research presented in this thesis adds to the knowledge on anorectal 
pathophysiology and factors underlying fecal incontinence and constipation, contributing to 
better treatment of fecal incontinence and constipation.  

 

Table 1. Rome IV criteria for diagnosis of defecation disorders 
Defecation 
disorders 

Fecal 
incontinence  

Constipation Irritable bowel 
syndrome 

Diagnosis 
criteria 

1. Recurrent 
uncontrolled passage 
of fecal material in 
an individual with a 
developmental age 
of at least 4 years 
2. Criteria fulfilled for 
the last 3 months. 
For research studies, 
consider the onset of 
symptoms for at 
least 6 months 
previously with 2–4 
episodes of FI over 4 
weeks. 
 

1. Must include 2 or more of the following: 
• Straining during more than one-fourth 

(25%) of defecations 
• Lumpy or hard stools (BSFS 1−2) more 

than one-fourth (25%) of defecations 
• Sensation of incomplete evacuation 

more than one-fourth (25%) of 
defecations 

• Sensation of anorectal 
obstruction/blockage more than one-
fourth (25%) of defecations 

• Manual maneuvers to facilitate more 
than one fourth (25%) of defecations 
(eg, digital evacuation, support of the 
pelvic floor) 

• Fewer than 3 spontaneous bowel 
movements per week 

2. Loose stools are rarely present without the use 
of laxatives 
3. Insufficient criteria for irritable bowel 
syndrome 
4. Criteria fulfilled for the last 3 months with 
symptom onset at least 6 months prior to 
diagnosis. 

1. Recurrent abdominal 
pain, on average, at least 1 
day per week in the last 3 
months, associated with 2 
or more of the following 
criteria: 

• Related to 
defecation 

• Associated with 
a change in 
frequency of 
stool 

• Associated with 
a change in form 
(appearance) of 
stool 

2. Criteria fulfilled for the 
last 3 months with 
symptom onset at least 6 
months before diagnosis. 
 

 

Defecation and fecal continence 
In healthy subjects, defecation and fecal continence depend on the coordinated cooperation 
between pelvic floor muscles and the nerve system. Specifically, the afferent and efferent 
nerves and their receptors located in the anal canal, anal sphincter, rectum, colon, pelvic floor 
muscles, and also in the abdominal wall muscle need to orchestrate their effort to regulate 
the defecation process, and to provide fecal continence when the circumstances for 
defecation are inappropriate (6).  

The defecation process begins with the arrival of stool into the rectum. The puborectal muscle 
will relax when the social condition is suitable for defecation. During this process, the 
anorectal angle will straighten. The squatting position (7) and “The Thinker” position (8) can 
help defecation by straightening the anorectal angle in comparison to the normal sitting 
position. At the same time, the abdominal muscle contracts to increase the abdominal 
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pressure, moving the stool along the sigmoid downward to the rectum and further downward 
to pass the anorectal angle.  

When stool distends the rectum, the recto-anal inhibitory reflex, a sampling reflex, is 
activated, which results in the relaxation of the internal anal sphincter. Consequently, the anal 
sphincter pressure decreases, which enables the stool to enter the anal canal (9). The rectum 
will contract during this process and increase the pressure in the rectum to help pass the stools 
to the anal canal; this process is called the anorectal defecation reflex (10). However, this 
mechanism can be overruled by voluntary and involuntary fecal continence mechanisms 
involving contractions of the puborectal muscle and the internal and external anal sphincter. 
Mechanisms, directly and indirectly, contributing to fecal continence are broadly described 
and discussed in the next chapter of this thesis (conditionally accepted).  

Fecal incontinence  
Fecal incontinence is an accidental loss of stool, with a prevalence of 1.4% - 19.5% in different 
countries (11), and 7.9% in the Netherlands (12). Patients can experience different types of 
fecal incontinence, depending on the consistency and amount of the lost feces (e.g., solid stool 
incontinence, liquid incontinence) or the moment of incontinence (for instance, urge 
incontinence) (13). Incontinence for flatus is considered to be the mildest form of 
incontinence. Depending on the incontinence severity, patients often undertake various 
lifestyle alterations, such as wearing a pad, reducing their social activities, or even isolating 
themselves (14). The severity of fecal incontinence can be evaluated in different ways, where 
the symptoms-based Wexner incontinence score belongs to one of the most common tools 
(Table 2). The Wexner score ranges between 0 – 20, where 0 indicates complete continence 
and 20 is the most severe form of incontinence (14). 

 

Table 2. Wexner incontinence score 

Type of incontinence Frequency 
Never Rarely Sometimes Usually Always 

Solid 0 1 2 3 4 
Liquid 0 1 2 3 4 
Gas 0 1 2 3 4 
Wears pad 0 1 2 3 4 
Lifestyle alteration 0 1 2 3 4 

 

Patients with urge incontinence can sense the stools when the stool is coming but cannot hold 
the stool until getting to the toilet (13). Urge incontinence may result from decreased rectal 
capacity or pudendal neuropathy leading to damaged sphincter function (13). Pudendal nerve 
damage can develop from neurological diseases or traumatic neuropathy from long-duration 
stretching. The traumatic neuropathy can occur in patients with a long-duration dyssynergic 
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defecation as these patients strain hard during defecation (15-17). Because the pudendal 
nerve innervates the external anal sphincter and puborectal muscle (18, 19), and is involved 
in the voluntary contraction of the anal sphincter, pudendal neuropathy thus negatively 
influences the motor innervation of the anal sphincter. This, in turn, alters the voluntary 
contractability of the sphincter and, in this way, leads to urge fecal incontinence (20). If 
pudendal neuropathy is severe but not complete, the sensory innervation still functions. 
Therefore, patients feel the accident coming but cannot prevent it by squeezing their anal 
sphincter.  

Of note, fecal incontinence can co-occur with constipation (15, 16, 21-23) and irritable bowel 
syndrome (IBS)(24)(9). In the first case, chronic constipation can lead to the so-called overflow 
fecal incontinence with impacted stool accumulated in the proximal bowel; chronic 
constipation can also result in urge fecal incontinence secondary to the pudendal nerve 
damage or fecal incontinence secondary to prolapsed hemorrhoids (20, 25). In the second 
case, i.e., in patients with IBS, the mechanism linking its presence with fecal incontinence is 
unclear. Patients with IBS and constipation (IBS-C type), dyssynergic defecation, and impacted 
hard stool in the proximal bowel direction might have fecal overflow incontinence. In the case 
of patients experiencing IBS and diarrhea (IBS-D type), patients might experience liquid stool 
incontinence due to chronic diarrhea (24). Besides, the oversensitive rectum in IBS could lead 
to urge incontinence. This is because when feces enter an overactive rectum, the rectal 
pressure may quickly increase due to rectal contraction. Despite the importance of IBS in fecal 
incontinence, the prevalence of FI in each IBS subtype and their symptom characteristics are 
not clear yet. 

Fecal incontinence is manifested by different symptoms and can be underlaid by various 
factors, including neurological impairments, constipation, or irritable bowel syndrome. 
Despite this, the current treatment of fecal incontinence is still focused on the incontinence 
symptom itself instead of considering the underlying causes. This significantly hampers 
treatment efficacy.  

Constipation and dyssynergic defecation 
Despite nature equipping us with a sophisticated defecation mechanism, approximately 8.2% 
- 19% of people still experience problems with defecation, i.e., constipation in the world (26-
28), with the incidence being 24.5% in the Netherlands (12). 

Currently, hard stool and decreased defecation frequency are frequently considered by 
doctors to demonstrate constipation. Rome IV criteria for functional constipation take more 
symptoms into account, including dyssynergic defecation-associated symptoms, such as 
straining, incomplete defecation, defecation blockage, and manual defecation (2). Even 
though Rome IV criteria are comprehensive in recognizing symptoms of constipation, they 
cannot be used to diagnose the underlying causes. Analogically to fecal incontinence, to 
optimally treat defecation problems and improve the treatment's long-term outcome, it is 
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crucial to treat not only constipation symptoms but also the cause of constipation. This can be 
challenging, as there can be various causes of constipation, such as dyssynergic defecation 
and slow colonic transit constipation (29).  

One of the most common causes of constipation is dyssynergic defecation, demonstrated by 
the unsynchronized use of pelvic floor muscles, and dyssynergic defecation plays a vital role 
in constipation formation. Rao et al. proposed four subtypes of dyssynergic defecation Veld 
(30) (Figure 1) based on the measurement with anorectal manometry.  

 

Figure 1. The classification of dyssynergic defecation. Adapted from Rao, S. S. and T. 
Patcharatrakul (2016). "Diagnosis and treatment of dyssynergic defecation." Journal of 
Neurogastroenterology and Motility 22(3): 423. 

Type I: paradoxical contraction of the anal canal; Type II: inadequate propulsive force and 
paradoxical anal contraction; Type III: absent or inadequate relaxation of the anal sphincter; 
Type IV: inadequate propulsive force and absent or inadequate relaxation of the anal 
sphincter (30). 

 

Overreaction of anal-external sphincter continence reflex (AESCR) (31, 32) can also disable 
relaxation of the external anal sphincter during defecation and underlay dyssynergic 
defecation as well.  

The severity of general constipation can be evaluated with the Agachan constipation score 
(range 0 – 30, indicating no constipation and the most severe constipation)(33). The severity 
of dyssynergic defecation can be evaluated with the Renzi score (range 0 – 20 indicating 
respectively no symptoms - the highest severity of symptoms) (Table 3) (34).  

1
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Table 3. Constipation score systems 
Agachan constipation score 

Symptoms/Variables 
Scores 

0 1 2 3 4 
Frequency of bowel 
movements 

1-2 times 
per 1-2 
days 

1-2 times 
per week 

Once per 
week 

Less than 
once per 
week 

Less than 
once per 
month 

History: duration of 
constipation (years) 

0 1-5 5-10 10-20 >20 

Difficulty: painful evacuation 
effort 

Never Rarely Sometimes Usually Always 

Completeness: feeling 
incomplete evacuation 

Never Rarely Sometimes Usually Always 

Pain: abdominal pain Never Rarely Sometimes Usually Always 

Assistance: type of 
assistance  

Without 
assistance 

Stimulative 
laxatives 

Digital 
assistance or 
enema 

/ / 

Time: minutes in lavatory 
per attempt 

<5 5-20 10-20 20-30 >30 

Failure: unsuccessful 
attempts for evacuation per 
24 hours 

Never 1-3 3-6 6-9 >9 

Renzi score 

Symptoms/Variables 
Scores 

0 1 2 3 4 

Excessive straining Never Rarely Sometimes Usually Always 

Incomplete rectal 
evacuation 

Never Rarely Sometimes Usually Always 

Use of enema/laxative Never Rarely Sometimes Usually Always 

Vaginal/Perineal digital 
pressure 

Never Rarely Sometimes Usually Always 

Abdominal discomfort/pain Never Rarely Sometimes Usually Always 

 

To diagnose dyssynergic defecation, only consulting the constipation symptoms is not enough; 
additional diagnostic tests are required to confirm the symptom-based or anamnesis-based 
preliminary diagnosis (30). First, anorectal manometry or electromyography (EMG) can 
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measure anorectal pressures /electricity of the muscle contraction of the anal sphincter 
generated during defecation to detect dyssynergic defecation patterns. Second, the diagnosis 
should be supported by a balloon expulsion test, X-ray defecography/dynamic MRI 
defecography, or markers retention in a colonic transit study (30). 

For constipation, lifestyle alteration is the most basic treatment, composed of fiber 
supplements, increased fluid intake, and regular exercise. Rectal washouts and laxatives are 
also helpful in improving the effect. In case of slow colonic transit constipation or IBS-
constipation, pharmacological treatments have been used, for example, lubiprostone and 
linaclotide, which promote the intestinal fluid secretion (35, 36); and prucalopride to increase 
colonic mobility and transit (37). In the case of dyssynergic defecation, botulinum toxin 
injection was recently proposed to help physiotherapy to relax the contraction of the anal 
sphincter during defecation (38, 39). But the indication of using botulinum toxin is not clear 
yet, and some patients do not get good treatment efficacy after botulinum toxin injection (40). 

Constipation can also result from organic disorders such as Hirschsprung disease or anorectal 
malformation (41-45). In the case of Hirschsprung disease, the absence of enteric neurons and 
glia in the colon prevents relaxation of the distal bowel smooth muscle and, in this way, 
hampers passage of the stool (46). Moreover, the absence of the recto-anal inhibitory reflex 
(RAIR) does not allow internal anal sphincter relaxation, which also prevents defecation. The 
aganglionic bowel segment in Hirschsprung disease can be resected by operation. However, 
studies on the post-operative long-term outcomes indicate that the prevalence of 
constipation in already operated HD patients is still relatively high (44). Constipation is also 
highly prevalent in patients with a congenital anorectal malformation, i.e., after their anal 
canal was repositioned to the center of the anal sphincter (47). In both groups of patients, 
dyssynergic defecation is highly prevalent, and this factor should be treated after the organic 
causes have already been surgically approached (45).  

Rectocele and descending perineum correlated with dyssynergic defecation  
Timely diagnosis and treatment of constipation in its early stage are crucial. Untreated 
constipation does not resolve spontaneously but evolutes to more severe forms. Patients with 
resistant constipation history not reacting to laxatives therapy can be admitted to the hospital 
to undergo anorectal manometry, during which different physiological factors are brought 
into the light. Also, a dynamic MR defecography test is frequently used in chronically 
constipated patients. The last one can often confirm anatomical changes in the pelvic floor, 
including the existence of rectocele (48) or descending perineum.  

From the anatomical point of view, the rectocele is usually an outpunching of the anterior 
rectum against the posterior vaginal wall commonly seen in female patients with long-term 
constipation (30). In men, rectoceles are seldom developed because of the anatomical 
difference in the pelvic floor between males and females (49). Patients with a rectocele can 

1



12

 

12 
 

have various symptoms such as vaginal pressure, defecation blockage, soling, and manual 
defecation (50).  

The rectocele can be diagnosed by collecting patient history, physical examination, or more 
objectively by measuring with anorectal manometry or dynamic MR defecography 
alternatively (51).  

It has been estimated that the prevalence of rectoceles required operation is around 5% in 
the female population at 80 years old in America (52, 53). However, this estimation regarding 
the need for operation is not based on validated criteria. The operation can resect the 
rectocele and fix the possible rectal or vaginal defect when the conservative treatment does 
not work (51). Moreover, the operative treatment does not currently yield promising 
outcomes with high recurrence rates of the rectocele (54-57). The recurrence might result 
from the fact that the operation corrects the anatomical abnormality, i.e., removes the 
rectocele, while the pathophysiological mechanism remains untreated. The exact 
pathophysiological mechanism of rectocele formation is still unknown. Some studies still 
contribute the mechanism of forming the rectocele to the defect of the rectovaginal septum 
(50, 58).  Some other researchers attributed the formation of the rectocele to chronic 
constipation and excessive straining during defecation because the rectocele is often 
accompanied by dyssynergic defecation symptoms (48, 59).  

Another common pelvic floor disorder, the descending perineum, is a bulge of the perineum 
below the normal anatomical position (60). Patients with descending perineum often have a 
long history of constipation and continuous straining during defecation (61). According to 
Camilleri et al., the prevalence of descending perineum syndrome is around 8% in all patients 
with chronic constipation (62).  

For the etiology, descending perineum syndrome may be correlated with the pushing to the 
pelvic floor from the increased intra-abdominal pressure. The intra-abdominal pressure can 
be increased by contraction of the abdominal wall to push the stools through the high anal 
canal pressure during the dyssynergic defecation (63). At the same time as the abdominal 
muscle contraction, the pelvic floor muscle cannot relax normally or even contracts 
paradoxically in patients with dyssynergic defecation; this further increases the anal canal 
pressure during straining. This even higher anal sphincter pressure requires further straining 
of the abdominal muscles to increase the abdominal cavity pressure; thus a “vicious cycle” 
forms. Then increased intra-abdominal pressure can push the pelvic floor downward during 
this long-term constipation. Some other studies proposed other factors correlated with 
descending perineum, such as female gender, birth trauma, old age, and rectocele (64).  

Previously, we used x-ray defecography to diagnose the descending perineum. However, x-
ray defecography has radiation that limits its wide application (65). Alternatively, we used the 
dynamic MR defecography in our hospital to avoid ionizing radiation. MR defecography has a 
higher resolution regarding soft tissues than x-ray defecography (66). However, the value of 
this new technique in evaluating the descending perineum is still unclear.  
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Conservative treatment includes laxatives, suppositories, enema, and biofeedback treatment. 
Whether operation should be applied to descending perineum is still controversial because of 
the uncertainty of surgical effect (66).  

Methods and techniques for diagnosing defecatory problems 
Different methods and techniques have been used to diagnose defecatory problems, including 
symptom-based anamnesis, involving either a face-to-face interview or recently more often 
incorporated in medical care digital questionnaires (66), and included physical examination 
such as digital rectal examination (67), anorectal function tests and MRI. 

Anorectal function tests 
Anorectal manometry and dynamic MR defecography are the two most important 
measurements for diagnosing defecation disorders. Anorectal manometry can measure the 
pressure along the level of the anal sphincter, puborectal muscle, and the rectum during rest, 
squeezing, or defecation. Information regarding voluntary and involuntary contraction can 
also be provided by manometry. Manometry can also be used with the anal electrical sensory 
threshold test, which can measure the anal sensation function (68).  

MRI 
Dynamic MRI defecography is a technique to measure the morphological damage to the 
anorectum and pelvic floor during different physiological conditions, including rest, squeezing, 
defecation, and straining. Nowadays, dynamic MRI defecography is recommended by not only 
colorectal surgeons but also gynecologists and urologists; this is because the organ prolapse 
in the anterior and middle compartments of the pelvic floor can also be measured in dynamic 
MR defecography. 

In comparison to anorectal manometry, MRI defecography focuses more on the 
morphological changes of the pelvic floor, such as the anorectal angle, rectocele size, and 
descending perineum severity. The descending perineum severity can be evaluated (69-75) in 
dynamic MR defecography using the distance between the anorectal angle and the 
pubococcygeal line (M line) (76) or the distance between the anorectal angle and the inferior 
edge of the pubic symphysis (H line) (76). Even though the H and M line lengths are frequently 
used in patients with pelvic floor disorders (76), the (patho)physiological mechanisms and 
defecation symptoms underlying these morphological parameters remain unexplored. 

 

 

1



14

 

14 
 

 

Figure 2. The measurement of the H and M line and the anorectal angle in dynamic MRI 
defecography. Adapted from El Sayed, R. F., et al. (2017). "Magnetic resonance imaging of 
pelvic floor dysfunction - joint recommendations of the ESUR and ESGAR Pelvic Floor Working 
Group." European Radiology 27(5): 2067-2085. 

Aims of the thesis 
With the research presented in this thesis, we aim to add to the knowledge on the 
mechanisms, epidemiology, diagnosis, and treatment optimization of defecation disorders. 
Consequently, the first part of the thesis comprises studies on fundamental mechanisms of 
defecation disorders. The second part focuses on the symptoms of defecation disorders and 
the relationship between different kinds of defecation disorders. The last part focuses on 
looking for innovative diagnoses with dynamic MRI defecography and treatment optimization 
of botulinum toxin injection for chronic constipation.  

Chapter 2, the cornerstone of the present thesis, introduces the physiological mechanism of 
fecal continence. In this chapter, we will summarize and update the knowledge on possible 
physiological mechanisms that directly or indirectly regulate fecal continence and reflect on 
the ambiguous points. This review provides the future direction of research about the 
mechanism of fecal continence.  

In Chapter 3, we move from fecal continence to defecation and present our hypothesis and 
supporting outcomes regarding the role of anal sphincter pressure in the etiology of 
constipation with rectocele. In this chapter, we try to confirm the association of anal basal 
pressure just before defecation with rectocele size and constipation severity. This 
confirmation can justify our policy that constipation, even when presented with mild 
symptoms, should not be underestimated, and should be treated on time. Chapter 3 aims to 
add to the knowledge on the etiology of rectocele formation and its recurrence after surgical 
resection.  
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Chapters 4, 5, and 6 explore the Chinese population's epidemiological characteristics of 
defecation disorders. Because the original Groningen Defecation and Fecal Continence 
questionnaire was till now validated for the Dutch population, we need to first translate and 
validate it for the Chinese population (Chapter 4). Then we aimed to use the online 
questionnaire to screen the general Chinese population for constipation and investigate the 
prevalence, risk factors, and clinical characteristics of constipation (Chapter 5). In this way, we 
tried to optimize the current diagnostic procedure for constipation. We would also reflect on 
the value of the classical method of diagnosing constipation relying on stool consistency and 
defecation frequency in comparison to dyssynergic defecation-associated symptoms. In 
Chapter 6, we will analyze the co-occurrence of fecal incontinence with irritable bowel 
syndrome and constipation. Also, the current treatment of fecal incontinence will be 
investigated and discussed regarding inappropriate treatment focusing on incontinence 
symptoms. Our study will try to optimize the current treatment of fecal incontinence.  

After knowing about the present epidemiological situation of defecation disorders regarding 
the severity and prevalence, we will investigate the value of the current diagnostic method of 
defecation disorders. In Chapter 7, we will present the value of dynamic MR defecography in 
evaluating the severity of defecation disorders. The anorectal manometry outcomes will be 
presented to illustrate the possible physiological changes underlying the anatomical changes. 

In Chapter 8, we present evidence allowing optimization of constipation treatment using 
botulinum toxin in paediatric patients. We try to confirm that the injection of botulinum toxin 
to the anal sphincter aiming to reduce the anal basal pressure is justified in a population of 
pediatric patients with defecation problems. Additionally, we will evaluate the value of rectal 
washouts in synergizing the effect of botulinum toxin. This study might contribute to 
improving treatment efficacy in chronically constipated children.  
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